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ABSTRACT 


In September 1982 the Secretary of Commerce was authorized (by Title II of 
H.R. 5890 of the 97th Congress) to plan and provide for the management and 
operation of the civil land remote sensing satellite system, to provide for user fees, 
and to plan for the transfer of the ownership and operation of future civil 
operational land remote sensing satellite systems to the private sector. As part of 
the planning for transfer, a number of approaches were to be compared including 
wholly private ownership and operation of the system by an entity competitively 
selected, mixed government/private ownership and operation, and a legislatively- 
chartered privately-owned corporation. 

This repv r t presents the results of an analysis and comparison of a limited 
number of financial and organizational approaches for either transfer of the 
ownership and operation of the civil operational land remote sensing program to 
the private sector or government retention. The following basic approaches were 
considered. 

• Continued ownership and operation by the federal government (planned 
phase-out) 

• Continued ownership and operation by the federal government (estab- 
lishment of necessary budget line items to continue provision o i the 
data services) 

• Wholly private ownership and operation of an entity competitively 
selected 

• Phased private ownership (government ownership and operation with 
private sector marketing) 

• Legislatively-chartered, privately-owned corporation. 

Each of these scenarios was developed based upon the same demand forecasts and 
the same schedule of events. Government net cash flows were developed in all 
cases. For the private sector scenarios, financially viable business ventures were 
developed based upon achieving return on capital and other financial measures 
deemed necessary to achieve financing. The required rates of return were obtained 
through the use of government subsidies. For each scenario a complete set of 
financial plans was developed. Nonfinancial issues were identified in general and 
specifically related to each scenario. 
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1. INTRODUCTION 


For more than a decade, and at a cost estimated to be in excess o t 
$1.3 biliion, the U,S. government has conducted research, development and demon- 
stration of land remote sensing technology. These programs have now progressed 
to the point where data is being obtained on a continuous basis from a land 
observation satellite (LANDSAT D) and .nformation products are provided to and 
utilized by government, industry and foreign organizations. During the past few 
years attention has increasingly focused on the operational nature of the LANDSAT 
system which includes a space data collection segment and a ground processing and 
information dissemination segment. The federal government, realizing the opera- 
tional nature of the system designated, in November 1979 the National Oceano- 
graphic and Atmospheric Administration (NOAA) to manage the LANDSAT system. 
NO A A was selected as the operating agency because of its experience In mana^ng 
and operating '• .» National Environmental Satellite System which has involved 24 
environmental satellites since 1966 [ 1 ]. 

As the land observation satellite system continued to evolve, attention has 
focused on the appropriate public sector and private sector roles [2-20]. In 
keeping with this, in September 1982 the Secretary of Commerce was authorized to 
plan and provide for the management and operation of tne civil land remote sensing 
satellite system, including the LANDSAT D and D* satellites and associated ground 
system equipment transferred from NASA; to provide for user fees; and to plan for 
the transfer of the ownership and operation of future civil operational lard remote 
sensing satellite systems by the private sector, when in the national interest [ 10 j. 
As part of this planning for the transfer of the ownership and operation of civil 
operational land remote sensing satellite systems to the private sector, the 
Secretary was requested to: 

A. Conduct a study to define the needs of the government for land remote 
sensing data 

B. Determine and describe the equipment, software and data inventory 
susceptible to transfer to the private sector 

C. Compare various feasible financial and organizational approaches for 
such a transition. 

Criteria for the comparison was to include considerations such as: maintenance of 
data continuity; maintenance of U.S. leadership; national security; international 
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obligations} potential for market growth} cost to the government} independence of 
subs*: y or financial guarantee from the government; potential of financial return 
to the government and price of data to users. The following approaches were to be 
compared: 1) WhoUy private ownership and operation of the system by an entity 
competitively selected} 2) mixed government/private ownership and operation; and 
3) a legislatively-chartered, privately-owned corporation. 

In addition to the above studies and comparisons, the Secretary was asked to 
fund at least two parallel studies outside the government so as to independently 
conduct the comparisons called for above. F.CON, Inc. was selected early in 
January 1983 as one of the contractors to perform these studies. The results ol 
this work are reported herein. 

The specific objective of the study was to provide an analysis and comparison 
of a limited number of financial and organizational approaches for either transfer 
of the ownership and operation of the civil operational land remote sensing 
program to the private sector or government retention. The following basic 
approaches for commercialization or retention were considered: 

• Continued ownership and operation by the federal government (planned 
phase-out) 

• Continued ownership and operation by the federal government (estab- 
lishment of necessary budget line items to continue provision of the 
data services) 

• WhoUy private ownership and operation of an entity competitively 
selected 

• Phased private ownership (government ownership and operation with 
private sector marketing) 

• Legislatively-chartered, private iy-owned corporation. 

We have taken the position that in order to evaluate the alternatives it is 
necessary to plan potential business ventures and evaluate their financial merit, 
the likelihood of their financing and their impact on government cash flows. We 
have tried to play the role of an entrepreneur, putting together business plans for 
the pur )ose of obtaining financing. The business plans are based upon a perceived 
technology base and a market forecast. The market forecasts are felt to be 
reasonably conservative because of the selected role (as entrepreneur). It is 
obvious that many business scenarios may be developed, ranging from flying an 
instrument in the Space Shuttle and selling resulting images, to the Communica- 
tions Satellite Corporation's proposal to acquire and operate a combined land 
observation and meteorological satellite system. Due to the very finite nature of 


this study, a specific business system was defined (Section 3) and used ns the 
common basis for analyzing the various approaches for commercialization or 
retention of the land remote sensing system. It must be emphasized that this 
system has not been optimized either from the poirt of view of private sector 
profit maximization or public sector benefit maximization. It appears to be a 
reasonable possibility with its main virtue being the introduction of commonality 
which facilitates comparison between all of the approaches analyzed. 

It should be noted that the selected business system does not include "value 
added" functions. It was not possible within the scope of the current effort to 
obtain sufficient information to allow the planning of value added business 
ventures. 

Figure 1.1 presents an overview of the study approach. The first step was the 
development of the financial and organizational options of interest. In order to 
compare these options or scenarios, a common business scenario was defined. This 
included a schedule of events, data flows and other important features. This is 
described in Section 3, The Business Scenario. Section 2 presents, as general 
background, a description of the current land observation system upon which the 
business system builds. A demand forecast was made based upon a review of the 
published literature and discussions with current and potential user groups and 
competitive suppliers of information products. The demand forecasts and pro- 
jected revenues are described in Section 4, The Marketplace. These forecasts and 
projections were held constant across all scenarios. Cost estimates were based 
upon detailed data obtained from the current operating entities and are described, 
as appropriate, in Section 6.1 through 6.4. Detailed schedules in support of the 
specific cost items are presented in appendices. 

The demand forecasts and the cost estimates together with other information 
such as recoupment, leasing and subsidy policies and desired return on capital 
served as input to the financial analyses. The financial analyse' developed the pro 
forma income statements, cash flow statements and balance sheets for a ten-year 
planning period. The financial analyses were performed for each of the scenarios 
of interest. The specific scenarios are described in Section 5 and the financial 
analyses are described in Section 6. The financial analyses were used as input to a 
government cash flow analysis— this is also discussed in Section 6. 

The results of the financial analyses were reviewed by a group of individuals 
with expertise in the capital markets. The review established financial criteria 
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that must be met in order to have a viable business venture— i.e., attract 
investment funds from capital markets. These criteria are described in Section 6 
as well as the general procedure used in the financial analyses. 

In parallel with, and at times providing guidance to the financial analyses, an 
assessment of nonfinanciai issues was performed. These included political, 
institutional, legal/regulatory, international, national security and policy issues. 
These a u discussed in Section 7 with emphasis placed on differences in their 
effects upon the different scenarios. The objective of considering these issues was 
to establish policy, legislative and organizational requirements that are deemed 
necessary for each of the scenarios to be viable. 

General and specific observations and conclusions are presented in Section S 
and recommendations are presented in Section 9. 

The data utilized in this study was obtained from the indicated referenced 
documents and from discussions with individuals in government agencies and 
commercial organizations. These included the National Oceanographic & Atmos- 
pheric Administration; National Aeronautics <k Space Administration; U.5. Depart- 
ment of Agriculture, both the Foreign Agriculture Service and the Statistical 
Reporting Service; the Central Intelligence Agency; the Department of Interior, 
including the Bureau of Land Management, the U.5. Geological Survey and the 
Earth Resources Observation System Data Center; U.S. Foreign Service; Communi- 
cations Satellite Corp.; Spot Image; RCA; General Electric; American Science and 
Technology Corp.; GeoSat; Metrics; Lockheed; Hughes and Terra-Mar. Due to time 
constraints this data could not be independently validated or estimated. The fact 
that this data is used in the study reported herein should not be interpreted to 
mean that these estimates are considered to be valid. 





2. THE CURRENT LAND OBSERVATION SYSTEM 


Remote sensing implies the detection of the nature or condition of an object 
without touching it. The advent of first the photographic camera and later the 
airplane represented major advances in remote sensing. Space remote sensing was 
first tried experimentally when cameras were used on manned orbital flights to 
take muitispectrai photographs of the Earth. Later, in 1973, Sky lab was outfitted 
with sensors designed to the specifications of the Departments of the Interior and 
Agriculture, which used the data in programs that tested possible applications iri 
planning, management and resource conservation [ 21 ]. 

The LANDSAT program began in July 1972 when the first LANDSAT satellite 
(the Earth Resources Technology Satellite- 1) was launched by NASA. The program 
began as a research and development effort to determine the usefulness of satellite 
muitispectrai information, provided as synoptic views of the Earth's surface [22]. 
In the ten years that followed three more LANDSAT satellites were launched so 
that a continuous flow of information about the earth's surface was transmitted 
over an extended period of time. LANDSAT data has been used regularly in a wide 
range of applications from crop forecasting to mapping, to land use planning and 
resource management. The program has developed into a valuable source of 
information for agricultural and urban planning, geologic exploration, land manage- 
ment studies, snow melt and flood runoff analysis, crop stress location and other 
tasks requiring large-scale views of the Earth's surface areas. 

LANDSAT D (LANDSAT 4) was launched July 16, 1982 into a polar orbit at an 
altitude of 705 kilometers. It circles the Earth every 98.9 minutes and images the 
same 185 kilometer swath of the Earth’s surface every 16 days. A follow-on 
satellite, LANDSAT D\ is available to replace or supplement LANDSAT D. 

The LANDSAT data collection system consists of the LANDSAT D satellite in 
orbit, the LANDSAT D' satellite currently in storage, a commOnications satellite 
system, ground receiving stations, a ground data processing and satellite control 
facility, and a data distribute n center. 

2.1 LANDSAT D and D' 5. - iellites 

LANDSAT D (and D') illustrated in Figure 2.1, consists of the Standard Multi- 
Mission Modular Spacecraft and a mission unique instrument module. The space- 
craft, which is compatible with Space Shuttle launch and retrieval, contains the 
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FIGUFE 2.1 LANDSAT D FLIGHT SEGMENT 


attitude control, communications, data handling and power subsystems. Included in 
the instrument module are the Multi-Spectral Scanner (MSS), Thematic Mapper 
(TM), a wideband communications subsystem, high-gain and other antennas, and a 
solar array that can generate two kilowatts of power. The MSS is a radiometer, an 
instrument that collects and measures energy reflected or emitted in discrete 
intervals of the electromagnetic spectrum. !t has four spectral bands in the visible 
and near infrared portions of the spectrum and has an SO meter spatial resolution. 
The TM works like the MSS but is a seven band muitispectral, 'nigh resolution 
scanner with 30 meter spatial resolution [20]. 

2 . 2 Communications System 

Until the launch of NASA's Tracking Data Relay Satellite System (TDRSS), 
data coming directly from LANDSAT D will be received by ground receiving 
stations located in the U.S. and 11 foreign countries. Coverage is limited by 
receiving station line-of-sight, since LANDSAT D has no on-board recording 
capability. The U.S. has arranged to receive foreign scenes by mail from these 
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stations albeit sometimes with long delays. Once TDRSS is in operation it will 
receive data from LANDSAT and transmit it to a ground receiving station at White 
Sands, New Mexico. This location was selected to minimize propagation effects on 
the TDRSS down-link. The positioning of the satellites in the TDRS system (one at 
41°W and one at 171°W longitude) will allow for data acquisition from nearly all of 
the earth's surface. Foreign ground stations will continue to collect data for their 
own use directly from the satellite and can obtain other scenes from the U.S. 
facility at Sioux Falls. 

Data received at White Sands is demodulated, separated and recorded on 
separate wideband data recorders. Compacted raw data tapes are prepared and 
transmitted via a domestic communications satellite (hereinafter referred to as 
DOMSAT) from White Sands to the processing facilities located at Goddard Space 
Flight Center in Greenbeit, Maryland with, under normal conditions, a data delay 
of no more than eight hours from sensor observation to availability for processing 
at GSFC. In the case of a DOMSAT failure; of greater than two days, the raw data 
tapes will be mailed from White Sands to GSFC [23]. Once MSS data is processed 
at GSFC it is sent through DOMSAT to the EROS Data Center (EDO at Sioux 
Fails, South Dakota. 

The TDRSS and DOMSAT communications satellite systems will substantially 
reduce time delays that have been encountered in shipping data from foreign 
ground stations to the U.S. and from LANDSAT ground receiving stations to 
Goddard Space Flight Center, and subsequently to EDC. 

2.3 Ground Segment 

Raw data is received at GSFC, is stored on high density tapes (HDT^) and 
sent to the Image Generation Facility for preprocessing, framing, radiometric 
correction and computation of geometric correction matrices, to produce a high 
density archival tape (HDT^), in the case of MSS data. TM data is processed 
further, into computer compatible tapes a. d film [24]. Separate (computer) 
processing strings exist for MSS and TM processing. 

User requests for data acquisition over specific land areas are input into the 
system through a mission management facility which sends such requests to the 
Control and Simulation Facility for spacecraft orbital operation planning and 
scheduling [24], A basic data set is routinely acquired, but a user may make a 
request for "special acquisition data" (for which there is a fee). The mission 
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management facility also provides image data production management, manage- 
ment reporting, database management, control point library generation, inventory 
control and ground segment management. 

Control and monitoring of the spacecraft, coordination of the ground 
schedules with the spacecraft, performance analysis and mission planning are 
handled by the Control and Simulation Facility [23]. 

Evaluation of the image data, with emphasis on assessing systems handling 
TM aata, is conducted by the LANDSAT Assessment System [23]. Figure 2.2 
illustrates the flow of information in the ground segment. 

2.4 Data Distribution Center (EDO 

MSS data on high density archival tapes are relayed from CSFC through 
DOMSAT to the EROS data Center (EDC) located iri Sioux Fails, South Dakota. At 
EDC the incoming data is recorded on high density tape, which is sent through the 
EROS Digital Image Processing System to ascertain readability, correct geometry 
and generate black and white 241 mm latent film. The film is processed into a film 
master and the HDT and film master are archived. When scenes are ordered, 
digital products will be generated from the HDT and film products from the film 
master [25], 

Goddard -produced TM film will be inspected for quality and cloud cover and a 
working master generated and stored in the archives. TM digital data (on CCTs) 
will be inspected for physical defects [25]. Products will be produced from the 
film master or CCT to fill customer's orders. 

The Center's computer complex controls a database of over six million 
images and photographs of the Earth's surface features [20]. 

Figure 2.3 illustrates the flow of information in the total LANDSAT system. 
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3. THE BUSINESS SCENARIO 


Underlying the analysis and comparison of the financial and organizational 
approaches for either transfer of the ownership and operation of the civil land 
remote sensing program to the private sector or government retention is a basic 
commonality. This commonality is with respect to the level of service provided in 
the marketplace and hence product sales. Thus a point of departure is a set of 
products having the same attributes (including price, resolution, timeliness, etc.) 
over time for each of the scenarios. The result is a demand forecast that is 
independent of scenario, a timeline or schedule of events that is independent of 
scenario, and a basic business concept that is independent of scenario. With these 
factors constant from scenario to scenario, attention can be focused on the 
relative attractiveness of scenarios, their affect on government cash flow;, the 
impact of recoupment policies and other factors. 

The anticipated schedule of events that is a major factor driving the costs of 
ail the business scenarios is illustrated in Figure 3.1. For reasons to be discussed 
subsequently, it is assumed that commercial operation will commence at the start 
of fiscal year 1985. If this date is delayed, continuity of service will be 
jeopardized unless tl.j federal government initiates procurement of another backup 
satellite (in addition to D'). A number of specific events and their timing (fiscal 
year) is shown. LANDSAT D was launched in FY32. It has already run into 
problems which have necessitated operations on backup subsystems. It is assumed 
that the multi-spectrai scanner (MSS), having SO meter resolution, will fail at the 
end of FYS5 and the thematic mapper (TM), having 30 meter resolution, will fail at 
the end of FY84. It should be noted that specific failure dates have been assumed 
for events that are basically random in nature. It is assumed that the MSS is the 
primary sensor and that LANDSAT D* will be launched during FY-S5 in anticipation 
of an MSS failure. It is felt that this (launch on anticipation) is important to 
demonstrate the intention of continuity of service to potential users of the 
information products. LANDSAT D' also has an MSS and a TM. It is assumed that 
this TM will fail after approximately two years of service and that the MSS is 
placed into an in-orbit spare status at about the same time. 

Immediately upon commercialization it is assumed that two LANDSAT Es 
will be procured. LANDSAT E will consist of the same "bus" used in LANDSAT D 
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and LANDSAT D' (the Multi-Mission Spacecraft), plus a solid state version of the 
MSS— a multi-linear array having a stereo capability. The stereo capability allows 
the observation of scenes at different angles from the nominal ground track. This 
procurement must proceed with haste since in the absence of LANDSAT E there is 
no spare for the MSS on LANDSAT D' and continuity of service is in jeopardy. 
Continuity of service is deemed extremely Important since, as will be discussed, 
the large part of the demand for information products is associated with renewable 
resources which require up-to-date information. Two spacecraft are procured in 
order to have a reasonable chance for the desired continuity of service. The 80 
meter resolution MLA is indicated because time is of the essence, and the 
development of a 30 meter resolution MLA would require an extended development 
schedule. It is anticipated that the two LANDSAT E spacecraft together with the 
LANDSAT D' MSS on-orbit spare will provide service through FY92. 

During FY91 LANDSAT F, having a solid state version (multi-linear array) of 
the TM with 30 meter resolution, will be launched. It is assumed that the decision 
to develop LANDSAT F will be based upon a market analysis and that two 
spacecraft will be procured. These will last through the remainder of the planning 
horizon. Since it is likely that additional spacecraft will be required in the <at+er 
part of the 1990s, expenditures for their development and procurement 
(LANDSAT G) will be required during the planning horizon. 

As will be discussed in Section 4, there is a need for both SO meter and 30 
meter resolution information products. LANDSAT F will have a 30 meter 
resolution capability. To satisfy both the 30 and 80 meter product needs, the 30 
meter data will be degraded to produce 80 meter products as necessary. This will 
allow attribute pricing policies to continue and to provide the lower priced 
products required by the renewable resource community. 

The basic concept of the land remote sensing business system is shown in 
Figure 3.2. It is assumed that the government will continue to perform R&D 
related to the development of sensors and associated technologies and new 
information extraction techniques. The results of this R<JcD will be available to the 
land observation venture. The land observation venture will utilize the tracking 
data relay satellite (TDR5S) and domestic communication satellite (DOMSAT) 

* 

The question of number of spacecraft to be procured is addressed in 
Appendix A ana is based upon the use of a stochastic mission and life cycle 
cost simulation model, SAT1L. 
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services. The venture will also utilize launch services provided ay either 
government or nongovernment operations. It is assumed that initially the venture 
will utilize services (archiving and sales— not marketing) provided by the EROS 
Data Center which will be reimDursed for all costs incurred. The venture will, in 
essence, take over the Goddard Space Flight Center Data Processing Facility and 
the White Sands Ground Station. At an appropriate point in time, all data 
processing and sales facilities will be consolidated at White Sands (White Sands 
must remain since it was selected in order to minimize communication problems 
with the TDR5S). 

1 " ~ * 

Launch services are a potential problem. The LANDSAT series is designed to 
be launched on a Delia vehicle. At present, NASA does not plan to have 
Delta vehicles avaJable after the launch of LANDSAT D'. There are no 
definitive plans for commercialization of the Delta, although this is a 
possibility. In the absence of the Delta, there appear to be other possi- 
bilities— a West Coast Shuttle launch or the use of Ariane. Because 
LANDSAT series spacecraft are not optimized for Shuttle launch and the 
limited number of payloads to be launched from the West Coast, it is likely 
that the LANDSAT launch would be charged for a dedicated Shuttle flight. 
This would impose a significant penalty on the LANDSAT observation 
business venture. A new spacecraft could also be developed to reduce launch 
costs but development cost would be incurred. In the financial analysis 
considerations in Section 6 the cost of a Delta launch ($35 million— FY 83$) 
has been assumed. 
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It is assumed that the foreign ground stations will be franchised, each having 
a region within which it is the sole supplier of information products. The foreign 
ground stations will continue to be able to obtain direct readout from the satellites 
when they are observable. Annual fees will be paid for this. Scenes so obtained 
can be distributed within the franchise area without restrictions. The foreign 
ground station will be responsible for sales in its region of information products 
that cannot be obtained by direct readout. Revenue from sales so obtained will be 
split with a portion maintained by the ground station and the remainder paid to the 
U.S. venture which will provide the necessary information products. The goal is to 
establish a foreign marketing organization using the existing ground stations as the 
starting point. Franchises may also be established without having a ground station. 

Figure 3.3 illustrates the staged operations of the business system and the 
flow of information. Stage I utilizes the system configuration which will be in 
place in FY35. Stage II consolidates all functions at White Sands. During Stage I 
LANDSAT observation satellite data is transmitted via TDRSS to the tracking and 
readout facility at White Sands which Ccmmunicates this data via DOMSAT to the 
system management and processing center at Goddard Space Flight Center (GSFC). 
Data is processed into information products at GSFC which then communictes the 
bulk of these products to EDC via DOMSAT. The foreign ground stations receive 
direct readout from the land observation sateilite and also receive requested 
scenes from EDC. 

During the second stage the data processing, archiving, sales and tracking, 
and control facilities are consolidated at White Sands. This allows the elimination 
of duplication of facilities and eliminates the need for DOMSAT communications. 

The previously defined events schedule and business concepts serve as the 
common basis for evaluating the alternative financial and organizational scenarios. 
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4.1 Products 

LANDSAT D provides data from two sensors, the Multi-Spectral Scanner 
(MSS) and the Thematic Mapper (TM), which is processed into photographic images 
and computer digital tapes. Each LANDSAT scene covers an area whose 
dimensions are 135 kilometers on et>ch side. Data is provided from the MSS in four 
spectral bands with a spatial resolution ot approximately SO meters. The TM 
obtains data in seven spectral bands with a spatial resolution of approximately 30 
meters. Customers for resulting information products may order photographic 
images in film and paper, positive and negative format, in black and white and 
color, and in sizes from 70 mm to 4 u inches. Digital products may be ordered in 
penally or fully corrected formats. 

The basic collected data and resulting processed information products have 
value only to the extent that they can be interpreted and applied in decision 
making and planning. In the years since the Muiti-Spectrai Scanner has been 
available, techniques have been u jveloped to utilize the information products in a 
wide range of applications. Information acquired through analyses of LANDSAT 
data has demonstrated /alue in crop assessments and yield forecasts, forest and 
range inventory and monitoring, soil analysis, surface water delineation, land cover 
classifications, mapping, urban planning, location of oil and mineral resources and 
the understanding of the composition of the Earth's surface. 

The Foreign Agric 'rural Service, for example, uses LANDSAT data in 
providing information to aid U.5. farmers and traders to adjust to changes in world 
demand for U.S. agricultural products [2]. Maps produced with the aid of 
LANDSAT data are being used by the Bureau of Land Management in their 
management of federal land, by the Corps of Engineers in conducting dam 
inspections, and by several states in urban land-use delineation and hydrologic land 
use planning [ 1 ]. Many oil and gas companies have developed in-house computer 
processing capabilities for LANDSAT data interpretation to assist in their world- 
wide exploration activities. This latter application has probably been the largest 
nonfederaJ user of LANDSAT tapes and imagery products. 

♦ 

A distinction is made between data product;'., the raw data prior to processing 
and information products, the processed data made available for sale in the 
form of imagery or d ,-ita! tapes. 
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The increased resolution, new spectral bands, in addition to narrower bands in 
green, red and near infrared of the Thematic Mapper offer advantages beyond 
those of the Muiti-Spectrai Scanner and, consequently, increased vaiue in applica- 
tions. However, TM data is costlier than MSS data ($2,800 for a TM scene in tape 
format versus $630 for an MSS scene in tape format), and for some uses the 
increased content of a TM scene may not justify the higher costs. 

New spectral bands will enable differentiation among a wider variety oi 
crops, vegetation, rock and soil types than was possible with the MSS. Measure- 
ment of surface temperature v/ill aiiow identification of plant health and improve 
identification of individual plant type, and may be used in identifying and mapping 
surface composition for geological studies. 

Increased spatial resolution will permit more effective use of data in land use 
mapping and planning, storm water management and geologic mapping because 
features are more distinct in TM observations. 

4.2 Customers 

Users oi information products from a land remote sensing system have 
o liferent needs (based upon applications) for specific product attributes such as 
spatial resolution, number and location of spectral bands, frequency of observation, 
timeliness of delivery of information, and area of coverage. The users of the 
information products, depending upon applications, require information products 
that are packaged in different forms ranging from film to high density digital 
tapes. Some users require a large number of scenes on a repetitive basis (the 
renewable resource applications) while others require a small number of scenes on 
a nonrepetitivc basis (the nonrenewable resource applications). The former 
applications generally have relatively low value per scene whereas the latter 
applications have relatively high value per scene. 

The major user oi LANDSAT data has been the federal government, although 
its share of total U.S. distributions of information products has declined to about 
33 percent [20]. It is estimated that in FY83, $7 to $8 million will be allocated 
among federal agencies for LANDSAT data. Within the federal government, the 
largest user is the Department of Argicuiture with a budget estimated to be 
slightly in excess of $3.5 million in FY83 for data acquired over foreign areas and 
$150,000 on domestic data. For the Foreign Agricultural Service, LANDSAT is the 
only way to obtain global crop information. In domestic crop monitoring, 
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alternative means do exist for collecting data. Aerial photography, district rangers, 
county agents and extension workers are used regularly, especially during the 
growing seasons. Because of anticipted budget constraints coupled with the 
agencies use of large quantities of LANDSAT data, it is not likely to shift to the 
use of the more expensive TM data on a significant scale. Timeliness of delivery 
and frequent observations are critical to the value of the data. Based upon 

ft 

previous benefit estimates [26-29] i* appears that U5DA budgets for information 
products bear little or no relationship to the potential benefits. 

Among the other federal government users are the CIA, Department of 
Interior, DOD and NASA. It is estimated that their combined FY83 expenditures 
for information products will be of the same order as the USDA's. The information 
products will be used for both renewable and nonrenewabie resource management 
applications. 

State and local government users constitute a small segment of the market; 
about 5 percent of the nonfederal market [20]. They are low volume users. Many 
states have developed internal data analysis capabilities [7]. The largest number 
of state applications have been in environmental management, lorest/rangeland 
management, and water resources planning and management [12]. Higher resolu- 
tion images over urban and suburban areas are valuable to urban planners 
concerned with changing land use patterns [30]. 

Academic institutions use LANDSAT data in research or teaching. Some 
pu r chase data to perform value added services for state and local government 
organizations or other clients [ 12 ]. 

The industrial sector is the second largest market category and is dominated 
by the resource exploration industries— particularly oil, natural gas and mineral 
exploration companies [31]. Frequent coverage and timely delivery are not as 
vital as in the renewable resources area. Usually seasonal coverage and delivery 
within the month is adequate. During the past few years firms that have been 
actively using LANDSAT data have developed in-house processing facilities and 
have established databases with scenes acquired during each of the four seasons. It 
is possible that this part of the market may approach saturation in the near-term. 
However, new firms are beginning to employ LANDSAT data, and so the market 
may be driven more by expanded number of users than by increased demand among 

* 

Not including USDA information processing costs. 


20 


existing users [20]. Counterb .lancing this trend is the worldwide petroleum glut, 
which has reduced speculative searches for new sources of petroleum. 

The industrial market is characterized by relatively low data volumes but an 
ability to pay, which bears more of a relationship to value than the other market 
segments. Data, once acquired, has value for years afterwards. The new and 
narrower spectral bands of the Them?*tic Mapper data will be valuable in mineral 
and petroleum exploration, and a strong initial demand for TM data on the part of 
these users is anticipatea. The industrial sector has expressed a desire to acquire 
stereo data which Is not available from LANDSAT D and D' but will be available 
from the French SPOT System. 

There has been limited operational use of multi-spectral data in the forestry 
industries. St. Regis Paper Company is now using MSS data in a forest resource 
information system [1]. Agribusinesses, although aware of the LANDSAT pro- 
gram, have been reluctant to actively use the data [31]. A recent market study 
identified potential private users with requirements which LANDSAT now has the 
potential to fill, including utilities, construction companies, agribusinesses, or 
whicn higher resolution ivlLA systems will fill, including mining engineering, bridge, 
tunnel and elevated highway construction contractors [31 1. 

Foreign users have made up about one-third of total EDC data sales. The 
composition of the foreign sector is believed to be similar to the U.S. groups 
(federal, industrial, academic, and state and local governments) and will have 
similar requirements [20]. The developing countries and some developed countries 
(such as Canada, Australia to a certain degree, Brazil and South Africa, which have 
substantial areas, small but well trained scientific populations and economies which 
can support investments in remote sensing; place high value on the LANDSAT 
system [12j. For many developing countries there are no alternatives to 
LANDSAT’s reliable, inexpensive provision of data on natural resources. Small 
countries, cloudy countries and countries with finely segmented landscapes do not 
have much interest in the present system, but look to future spacecraft imaging 
radars to overcome the cloud cover problem, and to SPOT and TM for high 
resolution and muiti-spectrai da :a [12], 


4.3 Competition 

Starting in 1984 LANDSAT will face competition if, as is currently scheduled, 
France launches its developmental satellite earth observation program, SrOT. The 
SPOT satellite will contain two identical high resolution visible (HRV) range 
instruments. These instruments will have a resolution of 20 meters in three 
spectral bands (in the visible and near infrared portions of the spectrum) and 10 
meters in black and white. During ground processing, 20 and 10 meter resolution 
images can be combined into a product appearing to have an enhanced resolution 
beyond the multispectral image. A unique feature of the SPOT imaging system is 
the off -nadir viewing capability made possible through the use of multi- linear 
arrays (MLA) of solid state detectors. This allows revisit coverage at intervals 
from one to several days, and the ability to record stereoscopic pairs of images of 
a particular area. SPOT has a 26-day repeat cycle [ 32, 33 ] . 

A market for SPOT data is expected to be found among those involved in oil 
and mineral exploration, topographic and land use mapping, crop and environmental 
monitoring, coastal zone studies and general research activities. SPOT Image, the 
privately-owned company that will market SPOT, plans to establish agreements 
with ground stations, giving the stations exclusive rights to market SPOT within 
their own countries [33]. The payment fees to these stations are structured so as 
to be essentially proportional to the amount of data received by them. SPOT Image 
has tentatively priced their product (high density tape) at about $1,000 per scene. 
A SPOT scene is approximately one-fourth the area of a TM scene (currently priced 
at $2,800) and has three spectral bands, as compared to the TM's seven. The 
implications on the market can only he guessed, but it is likely that those 
applications that do not have need for full TM scenes will find SPOT somewhat less 
expensive. 

4.4 Market Forecast 

The past decade has seen many major developments in the state of the art of 
land remote sensing. A space hardware and a ground data processing technology 
base have been developed. An enormous amount of data have been collected from 
the LANDSAT satellites and have been processed into film and tape information 
products. These information products, having application in both renewable and 
nonrenewable resource management areas, have been available to and used by both 
federal and nonfederal customers. Considerable progress has been made toward 
the development of a good technology foundation upon which estimates and 


projections can be made with respect to the cost and capability of data collection 
and processing. During this same time, however, little progress has been made 
with respect to understanding the market dynamics for resulting information 
products, although a number of market studies have been undertaken [31, 34, 35, 
36]. Little information is available that relates potential sales of information 
products to tne multiple attributes such as resolution, number of spectral bands, 
price and competition. Because of the brief period ?f performance of this reported 
study, it was not possible to develop new data— that is, it was not possible to 
perform an in-depth market study, nor was it possible to make independent cost 
and performance estimates. Since assessments and projections were necessary, 
they were made based upon review of previous work, the establishment of 
historical costs, performance and sales databases, and interviews with both users 
and suppliers of data products. 

A summary of historical data is presented in Figure 4.1 and indicate? 
thousands of MSS scenes (imagery plus tape) delivered as a function of time- Also 
indicated are the Department of Commerce estimates of MSS scenes that will be 
delivered in FY 1983 and 1984 [2Gj. It should be noted that there have been 
significant changes in pricing policy over the period of time shown, culminating 
with a large price increase (approximately two to three times) in October 
1982 [30]. Also, TM scenes have recently become available and will cause a 
gradual switch by some users from MSS (80 meter) to TM (30 meter) information 
products. 

The following paragraphs summarize the market forecasts that have been 
used in the financial analyses which are presented in Section 6 of this report. 
Because we have tried within the scope of the current effort to play tr.e role of an 
entrepreneur formulating a business plan, the market forecasts are felt to be 
conservative— "blue sky" applications have not been included. Thus, there is likely 
to be considerable upside potential with but limited downside risK. Also, no 
consideration has been given to major changes in markets that may result from 
technology changes (for example, the impact of low cost processing on demand has 
not been considered) or from market development. 

The market forecasts are based upon a market segmentation as indicated in 
Figure 4.2. The market forecasts are segmented by user (federal, industrial, 
state/local government/academia and foreign), product type (tape and imagery) and 
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resolution (30 and 80 meters). Thus forecasts have been made for 30 and 80 meter 
resolution tape and 30 and SO meter film products to four market segments. It 
should again be noted that the information products have many attributes including 
medium (film or tape), resolution, number and location of spectral bands, timeli- 
ness of delivery, frequency of observation, proprietariness and dimensions of scene 
(partial scenes). It should be noted that many of these attributes have not been 
explicitly considered in this analysis primarily because of lack of data upon which 
to base forecasts. It should however be pointed out that pricing by product 
attribute (other than resolution and medium that have been explicitly considered 
herein) may prove to have great impact upon projected revenues. Hus is discussed 
in following paragraphs. 

Figures 4. 3 and 4.4 illustrate the revenue forecast and are based upon a 
review of previous studies as well as discussions with users, agencies and suppliers. 
Considerable judgment has been used in arriving at these figures, the rationale for 
which follows. Figure 4.3 presents the revenue forecast in constant 1983 dollars 
and Figure 4.4 presents the forecast in current dollars based upon a continuing 
6 percent inflation rate. Since commercial ventures are being evaluated, current 
dollars are used in the financial analyses. The revenue forecast is based upon the 
specific timing of events as illustrated in Figure 3.1 (most important is the 
assumed TM failure in FY 1987 and re-establishment of a 30 meter capability iri FY 
1991), pricing policy and price elasticity estimates, market share estimates 
(assuming competition from SPOT and perhaps other sources), user transitions from 
80 to 30 meter information products and nominal demand estimates. 

The rationale behind the forecast is as follows: 

Federal Government Market 

The federal sector is characterized by relatively stable budgets which are 
likeiy to grow slightly (in real terms) with time. This growth will be primarily the 
result of price increases of the information products as price adjustments are made 
towards the maximization of revenue of the business entity. Information products 
will be acquired principally for renewable resource applications and there is some 
but little interest or need for stereo data (this data becomes available in FY 1987). 
The basic attitude of the federal market is to "buy American." This implies a very 
high market share for a U.S. commercial corporation independent of competition 
from foreign entities. Because of the large quantity of data required on a 
continuing basis for monitoring the renewable resources, it is important to acquire 





(S MILLIONS) 


FIGURE < 



1.4 REVENUE FORECAST BY MARKET SEGMENT AND PRODUCE 
(CURRENT DOLLARS - 6 % ANNUAL INFLATION RATE) 


CLAS! 



low price information products. This is the primary reason for assuming continued 
reliance upon 30 meter information. 

It is assumed that the demand for 30 meter information products will remain 
relatively constant with time. The demand is basically related to renewable 
resources. Of particular importance are information products concerning foreign 
agricultural products. Although 30 meter resolution may be desirable, it is 
anticipated that the combination of large volume required and high price will, to a 
large extent preclude its use for renewable resource applications. It is assumed 
that the demand for these products will continue well into the future and will be 
independent of the availability of higher resolution information products. It is also 
assumed that USDA's domestic agricultural reporting services will not rely upon 
remotely-sensed data. If this changes, then the demand (together with budgets) 
will increase, possibly by several thousand scenes per year. This would necessitate 
a budget growth and is probably the only major growth area in the federal sector. 

With respect to 30 meter data there is little or no historical data upon which 
to base forecasts because 30 meter data has not been available until recently. It is 
assumed that 30 meter information products will be used primarily tor experi- 
mentation and for nonrenewable resource applications. For these applications, 
because of the relatively small volume of data required, higher prices can be 
afforded and 30 meter information is more attractive than 80 meter information. 
When the LANDSAT D' thematic mapper fails, it is assumed that data purchases 
will continue (but at a decreasing rate) from archived data. When an operational 
thematic mapper or its 30 meter equivalent is reintroduced, 30 meter information 
product sales will pick up and prices will be increased as adjustments are made 
towards the maximization of revenue. Again, the basic attitude of the federal 
market is to "buy American." Because of the nonrenewable resource applications, 
there will be some increase in demand due to the availability of stereo data. 

Industrial Market 

It is assumed that during the decade of interest (the ten year span of the 
financial analysis) the resource exploration industry will continue to be the primary 
source of demand for information products. The market to date has been 
dominated by the resource exploration companies which currently are likely to 
continue to do their own data analysis. This implies that the cost of the data is but 
a small fraction of the total cost. The value of data products significantly exceeds 
the price paid for the products. Therefore, prices can be increased significantly 
without reducing the revenue. 


It is anticipated that this market will be significantly impacted by the 
availability of 30 meter data. Therefore the demand for 80 meter products will 
fall off when 30 meter data becomes available from the thematic mapper. When 
stereo (SO meter) data is available, demand will increase until 30 meter stereo data 
is available. Since the market can stand significantly higher prices, attribute 
pricing may be used (r.ondiscriminatory) to further increase revenue by charging 
higher prices. If price is related to quantity purchased with significant price 
breaks for large quantities, prices may be kept low to federal users and high to 
industrial users. High prices would then also be charged to foreign and atate/iocal 
users). Another alternative would be to charge by spectral bands— this is likely to 
separate by renewable and nonrenewable resources. The effect of this type of 
pricing, though not used in the financial analysis, is discussed in following 
paragraphs. 

Industrial demand will continue to increase at a constant annual level. 
Market share wiii however decrease over time because of product availability from 
other sources, i.e M competition from SPOT and other systems. Market share for 80 
meter products will stabilize at about 7h percent because of a basic "desire to buy 
American." 

Market share for 30 meter products will be more directly affected by SPOT 
and the unavailability of new 30 meter data because of the assumed demise of 
LANDSAT O'. Thus, market share will erode to a low of 30 percent in 1990 before 
again increasing and stabilizing at about 60 percent. 

St ate/Local Government/Academia 

This industry segment is characterized by relatively small budgets for the 
acquisition of information products. It Is anticipated that budgets will increase 
slowly with time as the value of the information products becomes an accepted 
fact. Information products will be used primarily for nonrenewable resource 
applications and for research. Because of the large area covered by a scene and 
slow changes being observed, a relatively small demand is forecast. It is 
anticipated that 30 meter products will be desired but that due to the relatively 
high price and fixed budgets, a relatively large quantity of 80 meter products will 
be acquired. It is anticipated that the bulk of the information products will be 
purchased from a U.S. source. 


Foreign Market 

The foreign market consists of franchising foreign ground stations and 
receiving annuai user fees and the sale of information products through these 
ground stations. It is assumed that the number of franchised ground stations will 
remain relatively constant over the next decade. It is assumed that maintaining and 
demonstrating continuity of data will be important in maintaining an active 
franchise operation. 

It is assumed that the foreign ground stations will sell information products 
that they cannot receive by direct readout. These information products will be 
obtained from the U.5. organization. It is assumed that 25 percent of the revenue 
obtained from these sales by the foreign ground stations will be kept by the ground 
stations and 75 percent of the revenue will be paid to the U.S. organization for the 
information products. 

it is assumed that the foreign demand for 80 meter information products will 
continue to grow for several years and will then stabilize. If foreign countries 
decide to acquire worldwide renewable resource data (such as USDA's Foreign 
Agriculture Service does) this demand could increase significantly. It is assumed 
that competitive systems will make significant inroads with respect to market 
share. 

Similar forecasts apply for 30 meter information products. Very significant 
growth is forecast in this area. However, market share will be significantly eroded 
by competition and the lack of new 30 meter data resulting from the gap caused by 
failure of LANDSAT D' and the launching of LANDSAT F. 

In summary, it is anticipated that revenue from SO meter information 
products will remain relatively constant over the next decade, This is the result of 
a combination of many factors including a slow growth in basic demand for 
renewable resource applications, the availability of 80 meter stereo data, competi- 
tion from other systems and the availability of 30 meter information products. It 
should be noted that the use of satellite data by the USDA domestic reporting 
services could change this forecast substantially. Also, the use of worldwide crop 
information on a continuous basis by ocher nations could also substantially increase 
the forecast. It is anticipated that revenue from 30 meter information products 
will increase substantially over the next decade. The growth will be significantly 
affected by an anticipated gap in the availability of new 30 meter information 
products (this is the primary reason for the dip (1988-1990) in 30 meter revenue) 
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and competition from other sateliite systems. It has been assumed that there will 
be only one U.S. organization providing information products. More will be said 
about this in Section 8. 

The revenue forecast is based upon the detailed data presented in Figures 4.3 
and 4.6 (ail in constant 1983 dollars) for 80 meter and 30 meter Information 
products, respectively, and the price elasticity estimates presented in Figures 4.7 
and 4.8. Price elasticity was established by estimating the quantity which would he 
sold at three different price levels. Two straight lines are passed through the three 
points as illustrated in Figure 4.7 thus establishing the price-quantity relationship. 
The specific estimates utilized are presented in Figure 4.7 and illustrated graphi- 
cally in Figure 4.8. 

Referring to Figure 4.8, the dotted curves indicate unit elasticities or 
constant annual budgets (i.e., price x quantity s annual budget). When the solid 
curves are above the dotted curves it is implied that budgets will be increased to 
accommodate price increases. It is thus evident that the federal users have been 
assumed to be budget constrained within a year (it is assumed that budgets can 
vary from year to year as incicated by the nominal prices and quantities in 
Figures 4.3 and 4.6. However, as prices are varied from their nominal values, 
quantities are adjusted according to the assumed elasticities). As prices increase, 
quantities demanded decrease by approximately the same amount. This is in 
contrast to the industrial sector where it is assumed tht>t significant price 
increases will have but little effect on demand. The state/local govern- 
ment/academia segment is also assumed to be budget constrained but to a slightly 
lesser degree (because of diversity) than the federal sector. The foreign sector, 
assumed to be a composite of tne three other sectors, is assumed to have some 
budget flexibility but less than that of tne industrial sector. 

A few comments must be made with respect to optimum pricing, that is, 
pricing to maximize revenue. The optimum price is established by finding the point 
of tangency of the extant budget (by varying the budget level) curve with the 
price elasticity cur v resented in Figure 4.8. Assuming that nondiscriminatory 
attribute pricing c-u oe achieved so that the optimum price can be charged in each 
market segment, then the price and revenue as indicated in Table 4.1 can be 
achieved. Table 4.1 indicates optimal price to the federal sector is 2.5 times the 
nominal price used in the analysis with a resulting revenue of 1.25 times that 
assumed. The net effect of such optimum pricing (across all market segments) 
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FIGURE 4.7 ANTICIPATED PRICE ELASTICITY 
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TABLE 4.1 OPTIMUM PRICE 4 RESULTING REVENUE (RELATIVE) 


MARKET SECTOR 

IMAGERY 

TAPE 

PRICE 

REVENUE 

PRICE 

REVENUE 

FEDERAL 

2. 5x 

1 . 25x 

2. 5x 

1 . 25x 

INDUSTRIAL 

3.7x* 

2. 5x* 

4. 2x 

2.6x 

STATE/LOCAL/ACAD. 

2.2x 

1 . 4x 

2. 2x 

1 . 4x 

FOREIGN 

2. 5x 

1.9x 

3. Ox 

1 .8x 


A PRICE INCREASE RELATIVE TO THE NOMINAL PRICE OF 3.7 TIMES RE- 
SULTS IN A REVENUE INCREASE OF 2.5 TIMES. 


would be to approximately double the estimated total revenue. While this looks 
very tempting there are problems: competition will generally drive these prices 
down as will lack of knowledge of the true price-elasticity curves. Therefore, the 
conservative pricing policy indicated in Figures 4.5 and 4.6, and modified by 
inflationary increases, was assumed with the gradual increase in prices assumed to 
seek out the optimum while countering competition and minimizing budgetary 
process problems particularly among federal, state and local government users. 
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5. FINANCIAL/ORGANIZATIONAL SCENARIOS (GENERAL) 

As stated previously, the ECON efforts were concerned with the analysis and 
comparison of a limited number of financial and organizational approaches for 
either transfer of the ownership and operation of the civil operational land remote 
sensing program to the private sector or government retention. The following 
basic approaches for commercialization or retention were considered: 

1. Continued ownership and operation by the federal government (planned 
phase-out) 

2. Continued ownership and operation by the federal government (estab- 
lishment of the necessary budgetary line items) 

3. Wholly privately-owned and operated by an entity competitively se- 
lected 

4. Phased private ownership (government ownership and operation with 
private sector marketing) 

5. Legislatively-chartered, privately-owned corporation. 

Each of these scenarios is described in the following paragraphs. Each of the 
scenarios is based upon the schedule of events as indicated in Figure 3.1 and the 
market and revenue forecasts as described in Section 4. 

One of the most controversial issues surrounding commercialization is that of 
subsidies. Subsidies can take a variety of forms: direct cash subsidy payments; 
federal loans or loan guarantees; guaranteed federal purchases of information 
products at a unit price significantly higher than charged to other users; provision 
of free services such as satellite launches; special tax incentives; or other. The 
Administration has indicated its opposition to subsidization for commercial civil 
remote sensing on several grounds including [ 8 ] : 

• Any form of subsidization (whether increasing cash outflow or reducing 
revenues) is opposed on the basis of budgetary impact on the efforts to 
balance the budget 

• Subsidization in this area would set undesirable precedents in other 
areas 

e> If a commercialization initiative cannot stand the test of the market- 
place, it should not be established at all. 

This analysis of the various commercialization alternatives was jointly 
concerned with government cash flows as well as with the financial viability of the 
commercial endeavors (the feasibility of obtaining funding as well as continuing 
profitable operations). Because of the anticipated limited market for land remote 


sensing information products, combined with the possible competition from remote 
sensing systems owned by or subsidized by foreign governments and the capital 
intensive nature of the business, it is shown in Section 6 that viable commercializa- 
tion endeavors are not likely to be established without significant federal partici- 
pation, either in the form of subsidies or major ownership/operations roles. 

Again it is not possible to consider all subsidization forms or all levels of 
government ownership/operation. The specific subsidization forms considered 
include direct cash subsidy payments, equipment transfer values and recoupment 
policies, and government equity participation. The method of determining the need 
for subsidies and the specific form of the subsidies are described in Section 6. 
Three different levels of government participation were considered, namely: a) no 
participation except for possibly R&D and other support services, b) owner- 
ship/operation of the ground and space segments, excluding the marketing and sales 
functions, and c) ownership/operation of the ground and space segments including 
the marketing and sales functions. 

5. 1 Con tinued Ownership and Operation by the Federal Government (Planned 
Fh a'se-Out) 

Shortly after President Reagan entered office it was announced that the 

Administration would terminate the commitment to land remote sensing satellite 

data continuity through the 1980s on the basis that 

It is the Administration's judgment that the present NASA investment 
in LANDSAT is sufficient to permit evaluation of operational uses of 
LANDSAT data, and if these uses are cost-effective to attract a 
private sector owner /operator. 

NASA's program to develop, launch and test the two additional satel- 
lites already manufactured (LANDSAT D and D') will continue as 
previously planned. Expansion and extension of the U.S. civil land 
remote sensing program beyond that already funded by NASA is 
inconsistent with the need for across the board fiscal restraints.... 

The two additional satellites, frequently referred to as LANDSAT D" AND D"\ 

then were deleted from the budget [8]. 

The implication of the above is that the federal government would continue 

to fund the ground and space segments and the related sales activities associated 

with remote sensing until the demise of LANDSAT D' or shortly thereafter (i.e., 
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sales will most likely continue for the short-term). The annual cost associated with 

* 

this planned phase-out scenario can be stated in general as 

Annual Fed. Gov't. Cost(I) = Operating Cost(l) ♦ Storage Cost of D'(I) 

♦ Launch Cost of D'(I) + R&D Cost(I) 

+ Gov't. Purchases from Other Sources(l) 

- Gov't. Revenue from Nongov't. Sources(I) 

+ Interest on Debt(I) - Tax Revenue(I). 

This is restated in Table 5.1 together with the government cost computations 
resulting from the other considered commercialization and retention scenarios. 
The tax revenue results from taxation of private sector profits resulting from the 
government expenditures in the private sector. The interest on debt is the interest 
that must be paid by the federal government on borrowings made to cover the 
outlays made for the system. It can be shown that to a first order approximation, 
considering the magnitude of all of the other cost elements, the interest on debt 
and the generated tax revenue, which tend to offset one another, may be 
neglected. 

As per the schedule of events indicated in Figure 3.1, it is anticipated that 
LANDSAT D' will fail in the late 1980s (FY87 or FY88). Therefore, government 
operating costs associated with the operations of the land remote sensing system 
would be reduced to zero during this time period. However, government costs will 
not reduce to zero after the demise of LANDSAT D'. The reason for this is that 
government agencies will most likely continue to purchase information products 
from other sources. It can be argued that these purchases need not be made, and 
that federal budgets associated with land remote sensing can be eliminated. The 
counter to this argument is that there are benefits associated with the use of the 
remotely sensed data. These may be in the form of direct cost savings or other 
indirect benefits. These benefits will be foregone if the remotely sensed data is 
not used. If it is assumed that the benefits will exceed the cost of the information 

* 

I represents time, years. 

**Tax Revenue = 0.5 x Gov't. Cost x Return on Saies(%)/100 

Interest on Debt = Gov't. Cost x Interest Rate(%)/100 

Interest on Debt - Tax Revenue = [Interest Rate(%) - 0.5 x Return on Sales(%)] 
x Gov't. Cost/ 100 

s [8% - 0.5 x 1096] x Gov't. Cost/100 

Therefore, neglecting interest on debt and generated tax revenues may 

introduce an error of 3 to 4 percent. 







TABLE 5.1 DETERMINATION 0? GOVERNMENT COSTS* 

SCENARIO 

COST COMPUTATION** 

1. GOVERNMENT OWNERSHIP AND 
OPERATION { PLANNED PHaSE 
OUT) 

OPERATING COST ( I ) ♦ STORAGE COST OF D* ( I > 

♦ LAUNCH COST OF D* ( I ) * RSD COSKP 

♦ GOVERNMENT PURCHASE FROM OTHER SOURCES(l) 

- GOVERNMENT REVENUE FROM NONGOVERNMENT SOURCE.S(I) 

♦ INTEREST ON DEBT(I) •• TAX REVENUE ( I ) 

4 . GOVERNMENT OWNERSHIP -'.NO 
OPERATION (CONTINUED OWN- 
ERSHIP AND OPERATION) 

SPACE SEGMENT CCSTM) ♦ GROUND SEGMENT COST ( I ) 

* INTEREST ON DEBT ( I ) * TAX REVENUE ( I) 

- INDUSTRIAL SAL£S(I l - STATE/LOCAl GQVERMEN r /ACAD. 
SALES ( 1 ) - FOREIGN SALES(I) - USER FEES(I) 

♦ RSD COST(I) 

3. PRIVATE OWNERSHIP AND 
OPERATION 

GOVERNMENT PAYMENT F0 P INFORMATION ORODUCTSi I ) 
*• OPERATIONS COSTS! 1) - LEASE DAYMSNT31 i ) 

- ASSET RECOUPMENT PAYMENTS! I) - TOF.SS 
COST! I) - PROFIT SHARING OR ROYALTY ON 
SALES ( I ) * SUBSIDY PAYMENTS! I) 

♦ RSD C0ST( I ) + INTEREST ON DEBT! 11 

- GENERATED TAX REVENUE! I) 

4. PHASED PRIVATE OWNERSHIP 
(PRIVATE SECTOR MARKETING) 

GOVERNMENT PAYMENT C 0R INFORMATION PRODUCTS! I) 

+ OPERATIONS COSTS! I) 

- PROFIT SHARING OR ROYALTY ON SALES! I) 

- GUARANTEED PAYMENTS! 11 t RSD COST(I) 

INTEREST ON DEBT! I) - GENERATED TAX REVENUE! 1) 

..coISLATI VfLY CHARTERED, 
PRIVATELY OWNED CORPORATION 

i 

L_ 

GOVERNMENT PAYMENT FOR INFORMATION PRODUCTS! 1 ) 
* OPERATIONS COSTS!) ) - LEASE PAYMENTS! !) 

- ASSET RECOUPMENT PAYMENTS! I) - TDRSS 
C0ST( I) - PROFIT SHARING OR ROYAlTY ON 
SALES! I) + SUBSIDY PAYMENTS! M * RSD 
COST! I) - GENERATED TAX REVENUE! I) 

*■ INTEREST ON DEBT!!) *■ EQUITY PURCHASE! 1) 

- DIVIDENDS! I) 

*ALL SCENARIOS UTILIZE THE SAME REVENUE FORECAST. 
**t REPRESENTS TIME. PERIODS (I.E., YEARS). 


products (this appears to be a va'icJ assumption since, if tnis were not the case, any 
form of commercialization would not be seriously considered) then rhe cost to the 
government and/or the general public (not necessarily in the form of budgetary 
items) after the demise of LAND5AT D’ will equal or exceed the cost of the 
forecasted federal government purchases of information products. This is illus- 
trated conceptually in Figure 5.1 and quantitative results are presented in 
Section 6.1. 

5.2 Continued Ownership and Operation by the Fe deral Government (Establish- 
ment of the Necessary Budget Line ItemsI 

It is assumed for this scenario that a government organization is established 
for providing land remote sensing operations on a continuing basis. It is 
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FIGURE 5.1 SCENARIO 1: GOVERNMENT OWNERSHIP & OPERATION (PLANNED 

PHASE-OUT) 

assumed that the operations are based upon the event schedule presented in 
Figure 3.1. It is assumed tS.at the government organization is similar to that which 
would be established by the private sector as per the business venture description 
presented in Section 3. This organization will have a market orientation similar to 
that of the private sector. The organization will have complete responsibility for 
the space segment (including maintaining continuity of service), the ground 
processing segment and marketing and sales (including archiving). 

It is likely that differences in organizational efficiency and management 
objectives will exist between government and private sector operations. These 
differences, if they exist, are difficult to quantify. No attempt was made as part 
of this study to quantify these differences. An important area where differences 
are likely to exist is in marketing and sales. Private sector market orientations 
differ significantly from that of the government. For example, the private sector 
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is used to providing incentives (commissions, bonuses, stock options, etc.) to 
encourage higher productivity from a marketing organization— the government is 
not. To achieve comparable performance, it is likely that a government organiza- 
tion would have to consider similar Incentives to those available in the private 
sector. 

The cost o* continuing government ownership and operation of a land remote 
sensing system may be expressed as follows: 

Annual Fed. Gov’t. Cost(I) » Space Segment Cost(I) ♦ Ground Segment 

Cost(I) ♦ R(3cD Cost(I) - Industrial 
Salesd) - State/Local Gov't./ Academic 
Saies(I) - Foreign Sales(I) - User Fees(I) 

+ Interest on Debt(l) - Tax Revenue(I). 

For the reasons previously discussed, the net effect of interest on debt and tax 
revenue is assumed small and not quantified. All of the other costs and revenue 
items are quantified and are established in Section 6.1. 

5.3 Wholly Private Ownership and Operation by an Entity Competitively Selected 

The private ownership and operation scenario is based upon providing 
continuous land remote sensing observation and resuiting information products on a 
continuing basis. Commercialization is assumed to commence at the start of FYS5 
with all space, ground processing and marketing and sales being accomplished by or 
for the private sector organization. It is assumed that initially existing ground 
processing facilities at Goddard Space Flight Center, and archiving and processing 
facilities at EDC will continue to be utilized. These operations will be integrated 
into a common facilities at White Sands during FY89. 

It is assumed that the private sector venture will utilize existing LANDSAT 
satellites and will, as indicated in Figure .3.1, phase into the acquisition and 
operation of other satellites. It is generally assumed in the financial analyses that 
the ground processing facilities at GSFC and EDC (until FY89) are leased by the 
private sector and that the LANDSAT D and D' satellites are acquired on a title 
transfer basis. The effect of lease payments and recoupment payments is 
investigated by considering the conditions of: a) full repayment (to the govern- 
ment) based upon estimated book value at the time of title transfer or lease rate 
establishment, and b) no recoupment by the government (i.e., a form of subsidy) for 
government assets utilized in the private sector operations. 

The effect of and the need for annual cash subsidies is also considered. 
Annual subsidies are established (for both the full recoupment and no recoupment 
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cases discussed above) by determining the revenue required In order to achieve 
annual returns on capital that would be necessary to attract capital from the 
capital market. The difference between forecasted revenue and required revenue 
is then the required annual subsidy. 

The general approach for analyzing the private ownership and operation 
scenario is illustrated in Figure 5.2. The financial analysis develops pro forma 
income statements, cash flow projections and balance sheets. The inputs to the 
analysis (described in detail in Section 6) are the demand or revenue forecast; the 
schedule of events; fixed and variable costs associated with processing, archiving 
and sales; capital Items including value, timing and depreciation lives; tax 
structure data and other related information. Also specified are desired return on 
assets, desired discounted return on investment, debt equity structure, and the 
lease/transfer options. The result of the financial analysis is the determination of 
financial performance measures such as annual after-tax profit, annua) cash flow, 
capital requirements, return on assets, payback period and subsidy requirements. 
The parameters are thus those of a business entity which is viable from the point of 
view of the financial community— i.e., it is likely that the necessary funding would 
be available. 
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FIGURE 5.2 ANALYSIS OF PRIVATE OWNERSHIP AND OPERATION SCENARIO 
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As in the previous cases, government costs are also incurred. The annual 
government cost associated with the land remote sensing system may be expressed 
as follows: 

Annual Fed. Gov't. Cost(I) * Gov't. Payment for Information Products(l) 

+ Operations Costs(I) - Lease Payments(I) 

- Asset Recoupment Payments(I) 

- TDRSS Cost(I) ♦ RflcD Cost(I) 

- Profit Sharing or Royal tv on Sales(l) 

♦ Suosidy Payments(I) * Interest on 
Debt(I) - Generated Tax Revenue(I). 

Generated tax revenue consists, in this case, of two components— the first resulting 

from government expenditures in the private sector and the second resulting from 

the profitability of the commercial venture established for transfer of the remote 

sensing system. For the reasons previously discussed, the net effect of interest on 

debt and tax revenue (the first component) is assumed small and not quantified. 

All of the other costs and revenue items are presented in Section 6.2. 

5.4 Phased Private Ownership (Government Ownership and Operation With Pri- 
vate Sector MarketfniY 

The phased private ownership scenario is based upon government ownership 
and operation of the space segment and the ground processing system, with the 
private sector venture concerned specifically with the marketing and sales of 
information products. This is basically the same as the government ownership and 
operation (continued ownership and operation) scenario as described in Section 5.2, 
with the exception that the marketing and sales operations are performed by the 
private sector. The interface is thus the provision of requested information 
products from the government to the marketing and sales organization. The 
marketing and sales organization will be granted an exclusive franchise to market 
and sell The information products to U.3. government agencies and nongovernment 
users. It would also market and sell to foreign users and would maintain the 
association with the foreign ground stations collecting the ground station fees. 

For the provision of information products, the private venture makes 
payments to the government. It is assumed that these payments take the form of a 
royalty on sales with a minimum guaranteed annual payment made from the private 
sector to the government . The magnitude of this guarantee and the royalty 
percentage (competitively established) could serve as the basis for a competitively 
selected marketing and sales organization. The royalty payments would be made 
for information products having specified and agreed-to attributes. Guarantees 
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would have to be made by the government that these products would be available 
as agreed. Penalties would be imposed if the agreed-to information products were 
not provided. 

From the private venture’s point of view the guarantee level could be 
established such that the present value of net cash flow, including the guarantee 
payments, is equal to zero at a desired return on investment. This concept is 
illustrated in Figure 5.3. 

This scenario has the apparent advantage of letting the private sector do 
what it knows best, i.e., marketing and sales. It requires the government to 
continue the ownership and operation of the remainder of the remote sensing 
system, in particular, those items necessitating .urge expenditures which the 
private sector may not be willing to make in any event without large subsidies. 

The annual government cost associated with the land remote sensing system 
may be expressed as follows: 

Annual Fed. Gov't. Cost(I) = Gov’t. Payments for Information Products(l) 

+ Operations Costs(I) + R<3cD Cost(I) 

- Profit Sharing or Royalty on Sales(I) 

- Guaranteed Payments(I) 

+ Interest on Debt(I) - Generated Tax 

Revenue(I). 

As discussed in Section 5.3, the general tax revenue consists of two components. 
The first resulting from government expenditures in the private sector, and the 
second resulting from the profitability of the commercial venture. For the reasons 
previously discussed, the net effect of interest on debt and tax revenue (the first 
component) is assumed small and not quantified. Ail of the other cost and revenue 
items are quantified and are indicated in Section 6.3. 

5.5 Legislatively-Chartered, Privately-Owned Corporation 

From the financial analysis point of view the legislatively-chartered, pri- 
vately-owned corporation is similar to the private ownership scenario discussed in 
Section 5.3. The major difference is concerned with the equity structure of the 
corporation. It is assumed that the federal government purchases equity In the 
corporation. This is in effect a form of subsidy. Altering the debt equity structure 
affects interest rates and the overall cost of capital. These effects are taken into 
account in the financial analysis and the results presented in Section 6.4. 
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GUARANTEED PAYMENT SUCH THAT. 

PV OF INVESTMENT » PV OF NET CASH INFLOW 

AT REQUIRED ROI 


FIGURE 5.3 SCENARIO 4: PHASED PRIVATE OWNERSHIP (GOVERNMENT OWNER- 

SHIP & OPERATION/PRIVATE SECTOR MARKETING) 

As in the previous cases, government costs are also included. The annual 
government cost associated with the land remote sensing system may be expressed 
as follows: 

Annual Fed. Gov't. Cost(I) s Gov't. Payment for Information Products(l) 

+ Operations Costs(I) - Lease Payments(l) 

- Asset Recoupment Payments(I) 

- TDRSS CostO) ♦ R<ScD Cost(l) 

- Profit Sharing or Royalty on Saies(I) 

*■ Interest on Debt(I) - Generated Tax 
Revenue(I) ♦ Subsiav PaymentsO) 

+ Equity Purchased) - Dividends(l). 

Ail of the cost and revenue items are quantified and are indicated in Section 6.4. 



6. FINANCIAL ISSUES 


As stated previously, we have taken the position that in order to evaluate the 
approaches for commercialization or retention it is necessary to plan potential 
business ventures and evaluate their financial merit, the likelihood of their 
financing and their impact on government cas»< flows. We have tried to play the 
role of an entrepreneur, putting together business plans for the purpose of 
obtaining financing. The business plans are based upon a perceived technology 
base, a market forecast, cost and capital expenditure estimates, and a specific 
business system. The market forecast is based upon a review of previous market 
studies and discussions with the user community. The cost and capital expenditure 
estimates were, in most cases, based upon estimated historical costs. No attempt 
was made to verify the accuracy of these cost data nor was an attempt made to 
address the issue of government overhead rates. With respect to the business 
scenario, from the large array of possibilities a particular scenario (as described in 
Section 3) was selected and used as the basis for planning and evaluating each of 
the approaches for commercialization or retention. This allows all of the 
approaches for commercialization or retention to be evaluated on a common basis 
and compared. 

The analysis process followed is summarized in Figure 6.1. The first step was 
the formulation of the overall business plan which encompassed considerations of 
products, schedules, technology availability and nonfinancial issues. Ground 
segment costs and space segment costs were estimated. Ground segment costs 
were developed for processing, archiving and communications— both fixed and 
variable costs were developed. Space segment costs considered both nonrecurring 
and recurring costs and the phasing in of different sensors over time. The SATIL 
probabilistic life cycle costing model (see Appendix A) was used to verify estimates 
of the quantity of satellites required. 

Demand and revenue forecasts were made in terms of information product 
type and market segment. A pricing policy was postulated and together with price 
elasticity estimates (by market segment and product type) were used in a Market 
Model to establish demand and revenue forecasts. The revenue forecasts together 
with the ground and space segment costs were used in the financial analysis (a 
financial analysis model was specifically developed for this purpose) to develop pro 
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forma income statements, cash flow projections and balance sheets for the 
commercial organizations. These financial analyses were iterated upon in oraer to 
establish the need for and the magnitude of government subsidies that would result 
in a viable business venture. Viability implies that the financial performance 
measures such as return on capital, return on assets and net present value are of 
sufficient magnitude to attract financing in the capital markets. The necessary 
financial performance measures were established by individuals with backgrounds 
in financing of large capital-intensive ventures. As a part of this effort alternative 
recoupment and leasing scenarios were considered. 

Once a financially viable solution for each of the commercialization or 
retention scenarios was developed, the impact on government cash flow was 
determined. Nonfinanciai issues together with the impact on government cash 
flows were considered in a comparison and ranking of the considered alternatives. 

In the following paragraphs the results of the financial analyses, are 
presented and discussed. Detailed backup for the financial analyses (primarily with 
respect to the input data used in the analyses) is presented in Appendix D. Prior to 
presenting the results of the analyses, a brief discussion is presented with respect 
to the relationship and significance of the financial documentation and the criteria 
used for assessing financial viability. 

6.1 Financial Projections for a Civil Land Remote Sensing System 

The purpose of preparing financial projections is to provide the reader with 
information for making rational economic decisions with regard to five financial 
and organ L* at 'onai alternatives. Typically, financial statements are prepared to 
satisfy the needs of various user groups such as potential stockholders, creditors, 
government agencies, etc. Financial data provided to such user groups usually 
contains a Balance Sheet, Statement of Income and Statement of Changes in 
Financial Position. Additional information such as projected cash flows, return on 
equity, return on assets, debt to capitalization ratios and net present value of cash 
flows are provided as additional measurements used by the financial community to 
evaluate an enterprise. It should be emphasized .hat no single factor determines 
• lether an enterprise is attractive or unattractive as an investment opportunity. 

Contained in this section of the report are five separate sets of financial 
projections. These projections reflect the following financial and organizational 
approaches for commercialization or retention of the civil operational land remote 
sensing system: 
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1. Government ownership and operation (planned phase-out) 

2. Government ownership and operation (continued ownership and opera- 
tion) 

3. Private ownership and operation 

4. Phased private ownership (government ownership and operation with 
private sector marketing) 

5 . Legislatively -chartered, privately-owned corporation (government 
equity position). 

As a separate and distinct land remote sensing enterprise does not currently exist, 
some historical data was not available as a basis for the projections. Therefore 
portions of the data used as a basis for the financial projections were estimated 
based upon the best information available at this time. The projections reflect, in 
our judgment, the single most probable result for each scenario projected. Each 
financial projection contains up to six parts as follows: 

1. Data Set (applies with slight modifications to all scenarios) 

2. Projected Statement of Income 

3. Projected Balance Sheet 

4. Projected Statement of Changes in Financial Position 

5. Projected Cash Flow 

6. Projected U.S. Government Cash Flows. 

Part 1 - "Data Set" (Refer to Financial Exhibit 6.0) 

In preparing a financial projection, as in preparing comparative projections, it 
is necessary to develop key basic assumptions upon which the projections are 
prepared. Although each scenario reflects alternative operating and capital 
assumptions, the basic assumptions with regard to costs and revenue are consistent 
in order to provide for an effective comparison. Supporting data to quantities used 
in the data set are contained in Appendix B of this report. 

Direct costs reflected in the data set are semi-variable and variable costs 
attributed to processing, archiving and sales of remotely sensed data on a per scene 
basis. A learning factor and a processing to scenes factor is also applied. Although 
certain noncapital operating costs at EDC, Goddard and White Sands facilities are 
semi-variable, all costs have been treated as variable for purposes of this 
projection. 
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R&D and marketing costs are reflected in the data set as both a fixed 
minimum cost/year, as well as a percentage of revenue. This results in a semi- 
variable cost treatment dependent upon the projected revenue level. Com- 
munication costs for both TDRSS and DOMSAT have been treated as variable costs 
although certain costs are fixed. Variable and nonvariable ground facilities and 
equipment are assumed to be leased from the U.S, government through 1983 with 
alternative facilities and equipment leased from third parties after 1988. Fixed 
assets with the exception or LANDSAT D and D' have been depreciated on a four 
year straight line basis with full year depreciation taken in the year placed in 
service. LANDSAT D and D' are depreciated on a straight line basis over their 
remaining useful lives (one year and 3 years respectively). 

Construction payment schedules for satellites generally assume a three to 
five year construction period with 12 percent of the total payment due four years 
before the satellite is delivered, 16 percent due three years before, 24 percent due 
two years before, 16 percent due one year before, and 32 percent due at launch. 
Construction payments include storage and cost of launch and are capitalized in 
the year incurred. 

Cash requirements for Balance Sheet operating purposes are predicated upon 
an assumed number of days in terms of revenue for operating cash, accounts 
receivable and accounts payable. A fixed amount of contributed capital is 
reflected over the entire ten year projection with a cost of borrowing at an 
estimated 11 percent long-term borrowing rate. 

Investment tax credits are taken on space segment assets during con- 
struction. It is assumed that 60 percent of annual R<5cD expenditures qualify for 
the R<5cD tax credit (a 6096 x 2.5% R«ScD tax credit = 15% net credit). Royalties paid 
to the U.5. government are based upon a percentage of data sales with a minimum 
base royalty. 

Part 2 - "Projected Statement of Income 11 

The Projected Statement of Income provides for the results of operations for 
the profit seeking alternative scenarios during a ten year period. The Income 
Statement and the derived cash flow may be considered to be the most important 
statement for purposes of evaluating the worth of the enterprise from the 
standpoint of investment value. Although a clear cut definition of an income 
statement is seldom found, one may simpiistically describe it as a presentation of 


revenue and cost predicated upon consistent accounting assumptions. The differ- 
ence between revenues and costs derive net income which is used as a measure as 
to the financiai success of the enterprise. A typical (simplified) profit and cash 
flow computation procedure is illustrated in Figure 6.2. 

The Projected Statements of Income contained in this report were prepared 
consistent with the key assumptions reflected and described in the data set and 
Appendix B. 

The before tax profit on operations is determined by subtracting the 
projected costs and expenses from the projected revenues. Federal taxes are 
deducted from the before tax profit at a rate of 51 percent. If the before tax 
profit is negative (a loss) the federal tax loss carry forward is treated as a benefit 
in the current year, reducing the reported loss. Current year investment and R<3cD 
tax credits are treated in the same manner. As this is not a cash inflow, 
adjustments are reflected on the cash flow statement. 

Part 3 - "Projected Balance Sheet" 

The Projected Balance Sheets presented depict the value of the various 
enterprises on the basis of projected revenues, costs, borrowings and contributed 
capital. Although the significance of a Projected Balance Sheet is not as important 
as a Projected Income Statement for making investment decisions, it is a valuable 
supplement to the information contained in the Statement of Income. More 
specifically, the Balance Sheet depicts the value of the enterprise in terms of 
assets, at cost, its liabilities and the equity of the shareholders at a given point in 
time. 

Part 4 - "Projected Statement of Changes in Financial Position 11 

The Projected Statement of Changes in Working Capital reflects changes in 
the working capital of the enterprise from operating year to operating year. 
Working capital may be defined as current assets less current liabilities. The 
purpose oi tnis statement is to provide an explanation of what provided working 
capital during each year and how working capital was applied during each year. In 
other words, the statement depicts whether or not sufficient working capital is 
provided by operations; if not, it indicates which sources are being utilized to 
provide working capital for continued operation of the enterprise. 

Part 5 - "Projected Cash Flow 11 

This statement a) reflects sources of cash (net income, increases in current 
liabilities, etc.), b) applications of cash (losses, increases in fixed assets, accounts 
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FIGURE 6.2 SIMPLIFIED PRO p IT AND CASH FLOW COMPUTATIONAL PROCEDURE 

receivable, etc.) The difference between the sources and applications is the net 
annual cash flow of the enterprise. 

This statement is similar in nature to the Projected Statement of Changes in 
Financial Position except that operating funds are analyzed in terms of increases 
or decreases to cash from operations of the enterprise. Nonoperating sources of 
cash such as contributed capital and borrowed capital are not included. Nonoperat- 
ing applications of cash such as dividend distributions are also excluded. 

This statement also reflects adjustments for the noncash nature of the tax 
credits and loss carry forwards obtained in the early years of the venture. 
Although these credits were reflected on the Income Statement, Balance Sheet and 
Statement of Changes in Financial Position as credits in the year they were earned, 
no cash was actually received— credits would actually be carried forward and offset 
against future tax liabilities. 

The c ih flow stream is discounted at various rates and the present value of 
the venture is determined by summing the discounted values. Present value "A" is 
the sum of the discounted cash flows for the years 1985-1994. Present value "B" is 
the sum of the discounted cash flows from 1995 to infinity, assuming that the 
annual cash flow in each of those years is the same as it is projected to be in 1994. 
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Three key financial ratios of the venture are also shown. The return on 
capitalization is maintained at a value of 17 percent by adjustments to the 
"additional federal purchases" line. Capital market experts have Indicated that a 
"utility" of this type should have the capability of maintaining at least this rate of 
return. 

Part 6 - "Projected U.S. Government Gish Flews" 

The cash flow described in the preceding section is that experienced by a 
commercial venture. Each of the five scenarios will result in a government cash 
flow impact. Dependent upon which scenario is examined the nature of tne 
government cash flow will contain a subset of the following: 

Cash outflows: 

• Expenditures for information products, i.e., purchases of tapes and 
films 

• Possible purchases of spacecraft and ground-based facilities 

• Costs for operations such as spacecraft launches that exceed the actual 
reimbursement made to the federal government by the LANDSAT 
commercial venture 

• Continuing government-funded research and development related to 
LANDSAT (assumed to be $10 million per year) 

• Direct equity contributions from the U.S. government to the LANDSAT 
venture 

• Any direct subsidy (also referred to as "additional federal purchases") 

Cash inflows: 

• Payments for leases of government facilities 

• Any nongovernment data sales and ground station fees 

• "Asset recoupment" means any initu. payment made by the new 
venture when it taKes over the existing LAND5AT assets 

• Any royalty fees that may be paid by the venture to tne government 

• Tax revenues paid by the LANDSAT venture if it eventually becomes 
profitable and exhausts its tax loss carry forward credits 

• Any dividends paid to the government if the government has become a 
stockholder. 

6.1.1 Government Ownership and Operation (Planned Phase-Out ) (Refer to 
Financial Exhibit 6.1 ~ ~ 

Under this scenario revenues and associated costs are reflected through 1988 
at which time LANDSAT D' cease3 operation. No operating revenue is recognized 
beyond that time and all future costs of operating the land remote sensing system 
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are terminated. Federal purchases of remotely sensed data are assumed to be 
purchases from a third party at a cost consistent with amounts contained in the 
data set. As no private sector investment is reflected in this scenario, only 
government cash flows are projected. 

Costs and revenues generated through termination are consistent with 
amounts reflected in the data set with the exception of ground station fees and 
government R«ScD expenditures. These amounts have been reduced as the program 
approaches the projected termination date. 

6.1.2 Government Ownership and Operation (Continued Ownership and Opera- 
tion) (Refer to Financial Exhibit 6.2) 

This projection reflects a continued operation of the land remote sensing 
system by the U.S. government. Revenues and costs are consistent with those 
reflected in the data set. Assets, as well as other costs, have been treated on a 
cash basis. A $10 million/year R<kD expenditure has been included as an assumed 
commitment by the government over the ten year period being projected. 

Revenues by the government reflect nongovernment data sales and ground 
station fees consistent with amounts assumed in the data set. Interagency transfer 
payments for data sold are not included in government receipts. 

As this financial projection does not assume private sector operations, the 
Projected Statement of Income, Balance Sheets, Statement of Changes in Financial 
Position and private sector Projected Cash Flows, have not been included. 

6.1.3 Private Ownership and Operation (Refer to Financial Exhibits 6.3.1 
through 6.3.5) 

This financial projection assumes a divestiture of the land remote sensing 
system to a private sector enterprise. It is assumed that LANDSAT D and D* are 
purchased from the government by a private enterprise and that existing ground 
facilities are leased from the government for a four year period. All costs of 
operations are borne by the private entity. It is also assumed that costs of 
archiving are borne by the private sector. As the entity cannot derive a satis- 
factory rate of return on equity without federal assistance, ’’additional federal 
purchases" have been projected to derive a 17 percent return on equity to the 
private investor. 

The financial statements are derived from base revenues and cost assump- 
tions contained in the data set. Tax benefits and costs are reflected on a current 
year basis. Although the space segment assets qualify as five year ACRS property 
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for depreciation for tax purposes, asset lives of four years were used in the 
financial projections. Such timing differences have not been reflected in the 
benefit calculations and are not considered to have a material effect. 

Variables are reflected in the long-term debt and cumulative dividends 
amounts contained in the Projected Balance Sheets., Excess cash "thrown off" by 
the venture, in excess of assumed long-term debt of $100 million, are treated as 
distribution of dividends. 

The Projected Cash Flow provides for a discounted rate of return of approx- 
imately 12 percent with a return on equity of 17 percent. Return on assets and 
debt to capitalization ratios are also provided. 

6.1.4 Phased Private Ownership (Private Sector Marketing ) (Refer to Finan- 
cial Exhibits 6.4.1 through 6.4.5) 

The financial projections for phased private ownership reflect a separate 
marketing organization established with exclusive rights for sales of U.S.-produced 
land remote sensed data produced by the LANDSAT venture. Initially (first ten 
years) ail costs of operation would be borne by the U.S, government. In return for 
such rights, the private sector would pay a minimum royalty fee of 80 percent of 
ail data sold and ground station fees with a minimum annual royalty payment 
(guaranteed) of $33.5 million. Cash generated by the venture in excess of 
operating requirements are first used to reduce long-term debt and next used to 
provide dividends to the private investor. A rate of return based upon present 
value of cash flows for the first ten years is calculated. at 12 percent to 13 percent. 
Other ratios such as return on assets, return on equity and debt to capitalization 
are calculated based upon the present value of cash flow assumption of 12 percent 
to 13 percent over the first ten years. Government cash flows reflect the costs of 
continued operation reduced by royalty fees collected and tax revenues received 
from the private sector enterprise. 

6.1.5 Legislatively -Chartered, Privately-Owned Corporation (Refer to Finan- 
cial Exhibits 6.5.1 through 6.5.5) 

The financial projection for this organizational scenario closely reflects 
private ownership (Section 6.1.3) with the addition of an equity participation by the 
U.S. government. The government would provide initial equity capital which was 
assumed to be a 33 percent participation. Dividend distributions from the 
enterprise provided in later years would be paid to the government based upon its 
equity participation. No provision has been made in the projection for the 
government liquidating its equity position in the venture at any time. 
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6.1.6 Comparison of Financial Projections 

In comparing projected operating results of the five financial and organiza- 
tional scenarios, it is appropriate to evaluate such alternatives from both a public 
and private sector viewpoint. It appears that the existing civil remote sensing 
system is not a viable commercial enterprise without either a significant guaran- 
teed subsidy by the U.S. government or a material reduction in the projected costs 
of operation. Government costs for the continuation of the existing land remote 
sensing system range from an average annual cost of $68 million (constant FY83$) 
per year for government operation to $82 million (constant FY83$) per year under a 
private ownership alternative (Figure 6.3). If the private sector alternative is 
chosen, a minor reduction in cost to government may be achieved through transfer 
of existing LANDSAT program assets to the private sector without recoupment by 
the government (Figure 6.4). Assuming continuation of the system is desired, 
continued government operation reflects the lowest projected cost. The primary 
reason for continued government operation be the most cost effective alternative 
is that return on capital costs are not considered in the evaluation of government 
costs of operation. To attract private sector investment in an enterprise, a 
reasonable rate of return must be achieved. In order for a private sector 
alternative to provide a lower cost to the government (subsidy), cost and/or 
revenue efficiencies by the private sector would have to improve significantly to 
offset required return on capital. 

The financial analysis in this report is predicated upon a consistent set of 
data with regard to revenues and costs for both private sector operation as well as 
continued operation by the government. A specific level of service was assumed. 
It should be noted that system configurations which provided other levels of service 
were not analyzed. It is possible that such systems may provide a lower cost to the 
government but would result in reduced services and benefits. 
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38560 

5784.. 

58560 

77120 

0 

0 

M 


LANDSAT f I49 *n*0(23) O 

o 

14900 

197/0 

248oO 

14570 

1 49**0 

0 

0 

T 


LAND SAT G- t G* 275oOO (23) O 

o 

o 

o 

A 

A 

33000 

4400U 

66*X>> 

44.00 


Cumt-AIIVE SF'ACE SEGMENT 

557620 

452270 

594 ! KJ 

652*. To 

739670 

840020 

965* '40 

100904*. 

1075* >40 

111 47*40 


DEERECIADC E L II E (STRAIGHT LINE! 











GCnEJONO SIAT IONS-FACILITIES 

4/ftS 











LAND' SAT D 

IYE.S 











IAMDSAI D 

3VEfS 











IANDSAT E 

4YK5 











LANDSAT E ' 

4 YDS 











IAMDSAI F 

4 YDS 











LANDSAT F ' 

4YRS 











1 AMDS** 1 G «. 6* 

4 YDS 











EDMS i DUCT lt!N IN FM1CESS: 












Z 1* COMET E T 1 UN/ YE AN 












Lands/* t d 

1.00 











IAMDSAI E 

O. 15 

0.38 

0.47 









LANDSAT E 

O. 12 

0.24 

O. 17 

0.00 

o.*« 

O. 42 






IANDSAT F 



O. 12 

O. 16 

0.24 

O. 16 

0.32 





LANDSAT F " 



O. IO 

O. 13 

0.20 

- 13 

O. IO 





LANDSAT G *- S' 







7*. 12 

O. 16 

O. 24 

7*. 16 


IIEE DEC TAT ION EXPENSE 












CDO.IND SIATIfiN 

O 

o 

O 

A 

0 

O 

O 

O 

O 

A 


EEIXCSSIND FACILITIES 

O 

0 

o 

O 

> 

O 

A 

A 

A 

0 


additional each ?- fouip 

0 

o 

O 

o 

O 

O 

0 

A 

O 

A 


LANDSAT D 

71700 

o 

o 

M 

O 

A 

A 

A 

A 

A 


LANDSAE D 

78552 

76553 

78553 

o 

O 

0 

O 

A 

O 

O 


LaNDSAI l 

l> 

A 

4"«5o 

4oeso 

40850 

40050 

O 

O 

A 

«• 


LANDS'.! E" 

O 

O 

O 

o 

O 

25<»0(1 

25988 

N ’(MV) 

. 7TUU 

2:988 

A 


t ANDSAI F 

0 

o 

o 

A 

O 

O 

57. '8 


57258 

577 58 


1 ANDSA I F ’ 

o 

o 

A 

A 

O 

A 

O 

A 

A 

O 


LANDS'* 1 G ! G' 

o 

o 

A 

• * 

O 

A 

A 

U 

U 

O 


CUITUl AT *VE DEI EiECI AT ION 

150253 

228767 

54815*. 


42985*. 

4V46H7 

575912 

657137 

758-62 

/-»S6*»* 


1*. *: NED IN DAYS 

15(24) 

15 

15 

IS 

15 

IS 

IS 

15 

IS 

15 


A/R TED IN DAYS 

6* . 2S 

6*. 

AO 

•SO 

6>> 

60 

6A 

67* 

6A 

40 


r/i icFo lu ixws 

3*.(26) 

V. 

30 

)*» 

30 

>* 

30 

70 

Til 

V 


l IA/J 114 YLi* 


716 

Mi 

46 

565 

*4.% 

565 



.’46 


CnNIKIHMIED CAPITAL 

7500.(2/) 

7S.O. 

/Too 

7j.*x. 

75000 

75*«»T 

75000 

75000 

757»*» 

r#i««A 

j 

( II . 1 GF HTHKOHINB «. 1 1 

O. 1 J (2d) 

O. 1 1 

O. II 

o. 1 | 

0.11 

A. 1 1 

O. 11 

0. 11 

O. 1 1 

0. 1 1 


EEDEt-Al AilD STATE TAX NATE 

0.51 (29) 

0.51 

0.51 

• •.51 

0.51 

0.51 

0.51 

0.51 

7*. 51 

0.51 


INVf STEM NT IAX CREDIT DA'.jE 

35762.x (30) 

9465*. 

14107*. 

579 » 

877 40 

|Aa. *5(1 

125..20 



44*«»i 


II4VISN4NI IAX lit KIT NOTE 

•• .o )l{ 

O. I» 

ft |(l 

••- |4. 

(». ••• 

it. |*4 

O 1 A 

A. |A 

«l. |l« 

4*. |«* 


LTIIITY PMOIUIOIIIN DY IIS*. 

... 53 (12) 

0.7-3 

O. ' > 

II, \z 

u. 

(». ;; 

O. 53 

A. *3 

• ». 33 

II. T " 


Ml. 1 AY EDI Dll NE.Il 

0.15(33) 

O. 15 

O. 15 

0 . 15 

O. 15 

A. • !i 

O. 15 

O. 15 

A. 1 8 

»*• 

lLWAJ 

0114 h t*» LN-.4S 











[ nj 

DOYAI UE'i Hft'f EE> 

3 5500 ( 34 ) 

O 

A 

O 

O 

A 

O 

A 

A 

* 

Itk 

I.IIA4 III*. A*. A V. U* MAI 1 Si 

O.U>. ( J6) 

0.60 

A. Hi* 

«».•«» 

II.UO 

0.80 

A. |JA 

«».•*» 

A.IfA 

• •. i>l 

l Q) 

II. S. G.IVEDNMM4I E-ED EXITNL'i 1 

lUOoo ( M.) 

1 A AAA 


|«>*r<4» 

|AAf«j 

IOOAO 

| A*«M«* 

lOAi 

1 



FINANCIAL FXH1RIT 6.0 DATA SET (CONTINUED) 


i 

4 

( 

r 


s 


i 




- -3 

r 


ORIGINAL PAGc I J 
OP POOR QUALITY 


s* i ngrio ■ i 

GUVF. l-NHFNT OMFFRSMIF AND IKERAI 1 UN 
<H ANNED FIIA'if (KIT I 


MUUNrS CIFW^O IN THOUSANDS tf Cl FRENI 
«EM ULlARSt 6Z IFF l AT ION MIC 


U.S. MIVLRHENT EIFfNDIIURESi 
INFORMATION FRODUCTS 
ASSET FI *CHA 5 LS 
OFERAT IONS COSTS (NfcT OF Fit - 
iFIMFiSTMTHTS 
R?D COSTS 

COUITY CONTRlMiT ION 
SUSS ICY 


TOTAL UC GOV’T EXPENDITURES 


U.S. GOVERNMENT RECEIPTS! 

RECEIPTS FROM 1 EASE (GRD FAC) 
NON- GOVE RMT NT DATA SAt ES AND 
GROUND STATION FEES 
ASSET RtCOUFMENT 
TDRSS USE AGE FEF 3 
ROYACTY FEES 
TAX RE'.T N( 

DIVIDE N * v 5 RECEIVED 


TOTAL US GOV’T RECEIPTS 


NET US SOV’T EXPENDITURES 


ITM) F-CMMIl SI MS IMG SYS I CM 
F 1 STAI YF MRS IW. 1*^*4 
I IIFRCIAL IRUJCCI IONS 
FRO-IECTCD U.S. GFIVtRMENT CASH FLDMS 

• M 


F 1 st M YE «<S 


1103 

1 VGA 

1987 

19S0 

1 VOV 

199u 

IWI 

IW2 

IWT 

l«F»4 

u 

o 

O 


14500 

14540 

1 71*1/* 


24510 

27540 


o 

O 

C 

O 

0 

O 

O 

O 

O 

^♦61 

27424 

27601 

o 

O 

o 

u 

O 

O 

*» 

lOa/MT 

5iWn1 

2oAO 

o 

o 

o 

u 

O 

O 

o 

O 

O 

O 

o 

o 

o 

O 

A 

o 

o 

«• 

o 

O 

u 

o 

o 

O 

O 

o 

o 

7546! 

524 24 

7960 i 

14120 

14500 

14540 

1 7850 

.'OrfAJ 

24JIO 

27540 


O 

o 

o 

o 

o 

o 

O 

A 

«• 

o 

16574 

I68H0 

13525 

o 

o 

o 

O 

•) 

o 

u 

O 

o 

o 

o 

o 

o 

A 

O 

o 

o 

0 

o 

o 

o 

o 

n 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

0 

o 

o 

o 

o 

A 

o 

o 

o 

o 


lc* 52 b 

16880 1352 S O O 

O 

A O O A 

53955 

15544 16076 14120 14300 

14540 

17850 20960 24310 27340 


TOTAL 

DISCOUNT FRESENT PRESENT PRESENT 
RATE VAC UE "A” VALUE VALUE 


o. to 

144917 

95025 

240747 

PRESENT 

VALUE 

OF 'A* 

IS 

Tlfc 

PRESENT 

VALUE 

OF 

THE 

LASH 

FLONS, 

YEAR 

1 IFF.OUGM 10 

O. 15 

122191 

59177 

161568 

PRESENT 

VALUE 

OF -b- 

IS 

THE 

FRESENT 

VALUE 

OF 

THE 

CASH 

FI OUA. 

YEAR 

II AND AF TER 

0.20 

105557 

1M39U 

123955 














O. 25 

95017 

9394 

102411 














0.50 

83506 

5065 

86393 















FINANCIAL EXHIBIT 6.1 GOVERNMENT OWNERSHIP ANO OPERATION (PLANNED PHA5E-0UT) 


scenario ■ 2 

MJVthMWfNT [MNCKSHIP MA) OFT RAT I UN 
(CONTINUED OWNERSHIP AND Oft RAT ION) 


LMAI KtntllE HNS INI. SVSIEH 
FISCM YEARS 19H5 1994 
FINANCIAL FtUJJt Cl IONS 
PROJECTED U.S. GUVERNENT CASK FLOWS 

Ml 

FISLAI YEARS 


AMOUNTS EIFttSSLO 
YEAR DOLLARS; 61 


IN THOUSANDS OF UFMMT 
IHFLATION RATE ASSULD 



1985 

1986 

1 VB7 

1980 

1989 

1990 

1991 

1992 

1993 

1994 

S. 4 .OVERRENT FXFENOI TURESi 


• 









INFORMATION TROWICTS 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

ASSET PURCHASES 

Or E RAT 1UNS COSTS4NET OF RE- 

77920 

94630 

1418 JO 

57930 

87640 

100330 

123020 

44000 

6604*0 

44UUU 

IMRUR SLUE NTS 

23461 

27424 

27601 

26336 

23144 

23026 

23973 

29191 

31541 

3 331 3 

FLO COSTS 

IOOOO 

KOUO 

IOOOO 

| ( NXNI 

IOOOO 

IOOOO 

IOOUO 

l«o(> 

IOOOO 

IOOOO 

EOUITY CONTRIhUTlON 

O 

0 

o 

O 

O 

o 

O 

o 

o 

O 

SUE'S ! DV 

O 

o 

O 

o 

O 

o 

o 

o 

o 

o 


TOTAL US GOVT EIFEN0I1URES 1 13381 132074 179431 94286 122784 133376 160993 83191 lo754l 87313 


U.S. GOVERNMENT RECEIPTS! 


RECEIP TS f RUPI LEASE (GRO FAC) 
NON GOVERMENT DATA SM.ES AND 

O 

O 

o 

o 

o 

O 

O 

O 

A 

o 

GROUND STATION TEES 

16526 

19728 

?258S 

24830 

25680 

24433 

29485 

32720 

33815 

3*1*5 

ASSET Ft C UUP RENT 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

TDRS3 USE AGE FEES 

O 

0 

O 

O 

O 

O 

O 

o 

O 

G 

ROYALTY FEES 

A 

O 

o 

b 

O 

O 

O 

o 

O 

O 

TAX REVENUE 

0 

O 

o 

O 

O 

O 

O 

0 

o 

o 

DIVIDENDS RECFIVED 

O 

O 

o 

0 

O 

O 

O 

o 

o 

o 


TOTAL US GOV’T RECEIPTS 

16526 

19728 

22585 

24830 

2565*0 

24453 

29403 

3272. 

33813 

36193 

NET IIS GOV’ T EXPENDITURES 

96833 

1 12346 

136846 

69436 

97104 

108921 

131510 

304/1 

73/26 

51318 


MaBsass* ■J.&aasssa ccaaa.aa= iLiakZLSu c ^aasaaaa aaasaaaaa aaasaaaa* aaaaMaaa ■ 8 U 4 «..a 


TOTAl 


DISCOUNT 

PRESENT 

PRESENT 

PRESENT 

RATE 

VALUE -A” 

VALUE *8* 

VALUE 

O. lO 

610037 

179066 

789904 

A. 13 

306960 

73336 

580496 

O. 2o 

429311 

34534 

464045 

0.25 

369964 

17633 

387597 

O. 30 

323229 

9345 

332774 


F RESENT VALUE OF "A" IS TIC PRESENT VALUE OF THE CASH FLOWS. TEAR I THROUGH IU 
PRESENT VALUE OF ~b“ IS TIC PRESENT VALUE OF TfC t ASH FLOWS. YEAR II ANO AFTER 


O' 

K> 


ss 



a? r* 


O n 

c* 

v Ji 
LI ■'‘i 

< *13 


FINANCIAL EXHIBIT 6.2 GOVERNMENT OWNERSHIP AND OPERATION (CONTINUED OWNERSHIP AND OPERATION) 


FRIVA1E OMCkMtIF AND UFfkAtIQN 


MttMlb t XF9CS--CO IN IMIAJSAMDS OF C1*<*«FMT 
VEM IMUMtSl AX INFIAT ION NAIC ASbIHt 


i«m> F«t mu it snc.ua svhtcii 
F1UUIL YEARS IVK-IVYI 
FINANCIAL FRUJEL TUX’S 
RMUELTCD SIAIFMNT OF INCOnt 

It* 


FISCAL YEAR*. 




193a 

1907 

I9HC 

1909 

1990 

1991 

1992 

1993 


Ffvtiie 











DoTA-FEDERAl 

11*10. • 

13i 30 

1473V 

14130 

1 4 3oO 

1434*7 

1 7MS** 

?»/V9*. 

24310 

27140 

MON FEDERAL 

7 7 V«» 

9/60 

1 1760 

17-830 

1296** 

1097** 

I5IVO 

17570 

17757* 

19170 

FOREIGN S1A1 ION FEES 

b736 

9968 

1 137*5 

12090 

1272*7 

13485 

1 4265 

15130 

16-65 

17025 

OTFFR Ft v^F Mi It 

c* 

u 

o 

0 

O 

O 

O 

0 

0 

O 

ADDITIONAL FEDERAL FURCMA5E 

1 A* *•*•'•• 

142500 

IMM-oO 

1 7S>«T 

120000 

IS90OC 

IOooO** 

2150* 2- 

1 7S*«*o 

1550.* 

lUIAt REVENUE 

1 BS/*'& 

1 75358 

216835 

163950 

159980 

193795 

227335 

266700 

2331 25 

218535 

DIRECT COSTS* 











Ff-TCCSSINS 

irio; 

(17)*135/1 

13450 

12226 

1 1520 

99*2 

1 1520 

13299 

14545 

15482 

AEC.FllVAl 

-596 

(3/) 2915 

2914 

2149 

2469 

20M 

2484 

2916 

321* 

3424 

SAt ES 

5014 

(17) srr-a 

5210 

5020 

4733 

4189 

4757 

5<**0 

5633 

5951 

ROYALTIES 

O 

o 

O 

O 

O 

O 

o 

O 

M 

0 

TOTAL DIRECT COSiS 


71 7? I 

21573 

19-795 

18722 

16249 

16761 

2151 7 

23393 

24866 

ficuss ham; in 

166613 

I5>34 

195262 

14 3955 

141256 

177546 

20C574 

24 7 1 B 3 

20*722 

19 36*9 

OFICR OF ! RAT IN!. ( FISTS. 











INDIRin COS IS 

5m'#9 

5310 

5628 

5966 

6 324 

670 J 

7105 

*532 

7v84 

34*3 

RESEARCH ?■ DEVClPFICKT 

1060 

I3M 

1473 

1558 

1599 

1S52 

1F1V7 

2148 

2325 

2541 

ADvEri IS1NC- ?• FROMtiliUN 

Mrs 

1643 

1842 

1948 

199V 

1940 

2367 

2685 

2906 

3177 

COMMON ICAI IONS COSTS 











-THRS5 

5235 

(W) 7134 

7 7 78 

7218 

6975 

563*5 

747-. 

9284 

10552 

1 1*86 

-DOMSAT 

SIT 

;») '9i 

3V9 

395 

98 

73 

K« 

142 

164 

184 

LEASE COST 5 - GRT4 M) SEGMENT 

76100 

76100 

26IC*<* 

26 300 

23120 

22120 

2312** 

23120 

23120 

22120 

SF ACE St GMf Nl 

o 

O 

o 

• 1 

O 

0 

O 

V 

O 

o 

DcFFcEF: I AT ION-liRf<UNS SEGMENT 

O 

o 

u 

O 

0 

o 

u 

u 

o 

O 

-STACE SEGMENT 

jvc:3 

• 78333 

119383 

4-«5*> 

4* *85«i 

648 8 

61225 

81223 

81225 

57231* 

INTEREST 

lbd»S3 

I537H 

14973 

15465 

13567 

15149 

15231 

13321 

5569 

1 lOOo 

OTHER EXPENSES 

o 

u 

ft 

O 

O 

O 

O 

0 

0 

0 

TOTAL INDIRECT EXFEN5ES 

roMoer 

I *58* >4 

1 77527 

99479 

94493 

119030 

138520 

141456 

133845 

1 174- « 

REF ORE TAX FR11F I T-OTERAT IONS 

—*1469 

17831 

17735 

44456 

46765 

58516 

70055 

IUS727 

75887 

7*260 

INTEREST INCOME 

C 

0 

O 

o 

o 

o 

ft 

O 

O 

O 

DEI ORE TAX * RUE I T OF ERA T i ONS 

-4*469 

17831 

17735 

44456 

46765 

58516 

Zoo 55 

105727 

75887 

7*26*0 

FROV1SIGN FOR FEDERAt TAXES 

21149 

-9094 

-9* *45 

-22673 

-23850 

-29843 

-35728 

-5*921 

-28702 

- '0093 

INVESTMENT TAX CREDIT 

35/ 6 L 

9465 

14183 

5793 

6764 

10035 

125* *2 

4400 

6600 

4400 

RtO Tax CREDIT 

ISO 

197 

221 

234 

240 

233 

284 


349 

381 

NET III.1IC 

156**3 

18799 

23**94 

as .-x^ a.86 xsi 

278*0 

. rf.i a s * 

31919 

3894* 

6 a XL ■ * 

47313 

14126 

6* 6.X8.X ’ 

44123 

42149 

v aa i « l — • m 


FINANCIAL EXHIBIT 6.3.1 PRIVATE OWNERSHIP AND OPERATION 


*SEE APPENDIX B. 


* 


ii. i Will iinnm.shii and nihniinN 


Am * mts rm«s<fD in nn>»MK a oi-mni 

VtM OCX L AMO | 6 Z IMLAlllM KAIL MUflll 


1 AMI) Mllllt SENSING SYStlN 
I I) JVM YEANS IWi- l<IV4 

r imam: i ai h4Uei:tk.ns 
ENOJFCTtD HAI ANCF SICE IS 

• M 

FI SC AC YE AMS 


asst is 

1905 

1986 

1987 

191 Hi 

1909 

1990 

1991 

1992 

1993 

19-14 











FINED ASSEISs 

UiCHMD SCGMTNI 

o 

O 

o 

o 

o 

O 

O 

o 

o 

o 

SI ACE SEGMENT 

3S762M 

«»s2r/o 

5941AM 

652030 

7*59670 

•400 20 

965*»40 

100904X1 

107504X1 

I 119.61 

TOTAL FIXED ASSETS 

"57620 

4522/0 

594100 

652030 

739670 

B4u020 

965040 

1009040 

l» >75040 

1119040 

LESS: ACCUMULATED DEFKECIAT ION 

150253 

228767 

348150 

'89000 

429850 

494687 

5757*2 

6571 37 

738362 

795600 

NET FIXEO ASSEIS 

207387 

223503 

245950 

263030 

3-/9820 

345333 

389128 

351903 

3366 78 

323440 

CIKKENT ASSETS 

38564 

36032 

44555 

99*0X1 
-> - OoCl 

32873 

39821 

46713 

55212 

47902 

44904 

OfHEK CIN.r.ENT ASSETS 

o 

0 

o 

o 

O 

O 

O 

O 

o 

O 

TOTAL ASSETS 

245751 

259536 

290505 

29671 8 

342693 

385153 

435840 

407115 

384580 

?68'44 

CAT UAL I /AT ION AND LIABILITIES 











CAE I TALI /AT ION: 

CUN7K1MJIEO CAPITAL 

T5AOA 

75000 

75000 


75000 

75000 

75000 

75000 

73*00 

75***) 

PEI AIMED FANNINGS 

IS6.iT 

34X02 

57096 

849)6 

116825 

155765 

2* >2878 

2594/6 

303539 

345688 

CIN** ATIVE DIVIDENDS PAID 

0 

O 

O 

o 

O 

O 

O 

O 

-113120 

- 1 7o3X«5 

TOTAL CAE- 1 TAI I /AT I ON 

90603 

If *9002 

132096 

1579«6 

191825 

230765 

2/7878 

3344X6 

265419 

250383 

LOM'.-IEMI DEM 

IJIftiJ 

136121 

140587 

123337 

1 37719 

1 8460 

139277 

5X624 

IMOOOtl 

IOKM' 

CUPMTNi L 1 AE*IL I T ICS 

15346 

14413 

I7B22 

13475 

13149 

15928 

18685 

22>«5 

19161 

17962 

TOTAL L ianii I ties 

1551 48 

150534 

158409 

I36AI3 

13*4168 

154388 

157962 

727X*9 

119161 

1 1 7962 

TOTAL LIAS AND CAEI IAL 1 /AT ION 

245751 

259536 

2905* >5 

296318 

34269 1 

385153 

435840 

4071 IS 

384580 

368344 


m mm _ xmo m 


*W6S8bC*S 

&.S833S t> 

= *_ -E 







Si 


FINANCIAL EXHIBIT 6.3.2 PRIVATE OWNERSHIP AND OPERATION 



xwr. PACE is 
POOi? QUALITY 


ir r.v.if c.;jm pt-gu #«ad i* erai ton 


MKI Ml S F IIMy>D IN I tail ISA. 25 <■ UMiNI 
ylM KitAtvbi L X IM I ATKIN KAIL 


lano kemuip slnsiku cv.im 
ri! C>4 IVir, !•>,'« 

FINMCIAi. mutr:ip*s 
FfaiFUFD STAirrtENT ■» I K'kflCS 



1965 

IN 

1 906 
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FINANCIAL EXHIBIT 6.3.3 PRIVATE OWNERSHIP AND OPERATION 








TKIVAII UUNTKSHIF AND DFFT.ATION UNI M nil 1C. SENSING SYSIEH 

FISCM VEAkS IW.-IWC 

CEilVIDCNO DISTKIE4JT IONS NOT INCLUDED) E INEM IAI f HCMf-CT IIMS 

FkQjFCIFD LASH FlOM 


AMUUNIS HIM 55ED IN IHUUSAMlS OT UMINI 
TENi DO I ANS| 61 INF LAT ION NAIF ASSUf D 


• •• 

FISCAL YFA6S 



1905 


198/ 

1 980 

1989 

1990 

1991 

1992 

iw: 

199* 

wniDiiiims nr cash: 











NET LOSS 

I TFHTj WHICH on HOT provide 

0 

O 

O 

o 

O 

O 

O 

o 

(% 

c 

TASH: 











PEFRECIAI ION 

1 50733 

78533 

1 1 V~0T 


4**150 

648 38 

81775 

HI 225 

Hl.^i 

5/: *8 

ADDITIONS TO FIXED ASSETS 

-35/670 

94650 

-141830 

-57930 

-87640 

-100350 

-175070 

-44000 

• 66*'»:«o 

-44*»*A 

INCREASE IN ACCOUNTS NEC 

-30691 

1865 

-6818 

8693 

653 

-5559 

-5513 

-6000 

S84H 

7 *98 

TAX ADJUST HEM I 

-5/071 

-569 

-5359 

16646 

14846 

19575 

72947 

49198 

31734 

341 1 1 

TOT A! A»F1 I CAT IUC4S OF CASH 

-795149 

-14870 

-34674 

0759 

-31791 

-71496 

-26367 

79674 

S2W7 

44/47 

SUECrS HE CASH: 











NL 1 INCOHI 

1560 3 

18399 

73. *94 

2781** 

3IVI9 

38941 

47113 

56578 

44133 

47149 

INCKEASE IN CIF.'RENT L IA6. 

15346 

-933 

34« *9 

-4347 

-326 

7779 

2757 

3400 

-7924 

-1199 

TAX ADJUSTMENT 

u 

0 

o 

o 

O 

O 

- 27942 

-4919H 

-31754 

-34111 

TOTAL SCBCCES OF CASH 

30948 

17466 

7650 3 

7 3463 

TI5V7 

41770 

26978 

10730 

9456 

Mi'H 

CASH FIOM 

-764701 

764/ 

-8171 

31773 

301 

7*' 274 

561 

90353 

67282 

56585 


■ sAAasxss as&s.ssax m a*aaaka*s aaa aa &4SA aak* waa«a 





TOTAL 












DISCIXJNT 

IKE SENT 

FKESENT 

FKESENT 












KATE 

VALUE -A- 

VALUE -8" 

VALUE 












o. io 

-170159 

198328 

78170 

FKESENT 

VALUE 

OF “A" IS 

TEC 

PRESENT 

VAC UE 

OF 

THE 

CASH 

FLOWS. TEAR 

1 IWUMM IO 

o. 15 

-144609 

81084 

-63524 

FKESENT 

VALUE 

UF -6- IS 

THE 

FKESENT 

VALUE 

OF 

TTC 

CASH 

FLOWS. TEAK 

II MC AFTEK 

o. 20 

-138457 

38079 

-170379 












0.75 

-165719 

19443 

-146777 












Cl. 30 

- 1 68040 

10525 

-158316 













DEBT TO CAPITALIZATION RATIO 

.*.58 

0.72 

0.83 

1.17 

1.77 

1.49 

1. 76 

4.-0 

*9 **9 

6 • • 2 

7. 17 

RET'6N ON ASSETS 

0.06 

0.07 

0.08 

0.09 

0.09 

O. IO 

O. II 

0.14 

O. 1 1 

O. II 

REIUFN ON 2API TALlZAI ION 

O. 17 

0.17 

0.17 

O. 17 

O. 17 

O. 17 

0.17 

0.17 

O. 17 

O. 17 


S 


22 

ol 

a > 

* r~ 



FINANCIAL EXHIBIT 6.3.4 


PRIVATE OWNERSHIP AND OPERATION 
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FINANCIAL EXHIBIT 6.3.5 PRIVATE OWNERSHIP AND OPERATION 
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FINANCIAL EXHIBIT 6.4.1 PHASED PRIVATE OWNERSHIP (PRIVATE SECTOR MARKETING) 
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FINANCIAL EXHIBIT 6.4.2 PHASED PRIVATE OWNERSHIP (PRIVATE SECTOR MARKETING) 
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7. NONFINANCIAL ISSUES 


A general overview is presented in the following paragraphs of the numerous 

nonfinancial issues related to the establishment of an operational land remote 

sensing system. These issues are not new having been discussed for at least the 

last half-decade. Many of the issues still being discussed were identified at the 

start of the CRTS/LANOSAT program over a decade ago; others that have been 

identified in recent years as more deuhed proposals for a permanent operational 

framework have been put forward [2, 6, 8, 12, 13, 19, 37-46]. 

This section begins with an analysis of the philosophical and practical 

dimensions of the land remote sensing debate; it addresses the question "why has it 

been so difficult to develop a permanent framework for using this technology?" 

Issues are then discussed in terms of four broad categories! international and 

foreign policy, national security, legal /regulatory and institutional. Finally, there 

is a general summary of the policy requirements which must be met for success in 

creating an effective permanent framework for U.S. land remote sensing activities. 

7.1 Commercialization of Land Remote Sensing: A Persistent Political Question 

The experimental U.S. remote sensing program has been underway since the 

late 1960s, with the first satellite put in orbit over a decade ago; over $1.3 billion 

has been invested in the program to date. Over the past five years, there has been 

an extended and complex debate over how best to bring land remote sensing into 

operational status. Suggestions have included: creating an international con- 

» 

sortium modeled on Intelsat to own and operate the system; reconfiguring NASA 
as system operator; creating a new private corporation for earth observa- 
tions; and, after extensive review during the Carter Administration, assigning 
tne management role to the National Oceanographic and Atmospneric Administra- 
tion (NOAA) pending "eventual" transfer to private sector ownership and opera- 
»♦» » 

tion. Now, the current Administration has decided to terminate a direct 
# 

This suggestion is contained in National Academy of Sciences, op. cit . 

## 

This suggestion is contained in Augenstein, Shapley and Skolnikoff, op. cit., 
and a bill introduced in 1979 by Senator Adlai Stevenson (D-IU.), S. 663, 96th 
Congress, 1st Session. 

*•* 

This suggestion is contained in a bill introduced in 1979 by Senator Harrison 
Schmitt(R-N.M.), S. 873, 96th Congress, 1st Session. 

*#*♦ 

The Carter decision was announced in November 1979; it was contained in 
Presidential Directive 34. 
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government role in operating the system as soon as possible, with land observation 

satellites to be taken over by the private sector, either in combination with 

* 

weather satellites or by themselves. In stark contrast, in their responses to a 
Department ol Commerce Request for Information in the fall of 1982, three major 
aerospace firms which have been intimately involved in earth observation programs 
suggested that the whole discussion of an operational system is premature, and that 
any move to commercialize land remote sensing at this time would undermine the 
long-term viability of the enterprise! 

The point here is not to analyze these specific proposals in any detail, out 
rather to suggest why there have been so many widely different answers to a single 
question: "How to assure that U.S. society gets the maximum benefits from its 
investment in remote sensing research and development to date?" If it reveals 
nothing else, the history of the discussion so far tells us that there is no one "right" 
answer to that question. 

Why is this so? There are both practical and philosophical reasons. They 
include: 

• The LANDSAT demonstration program has not been a success, if 
success is defined as developing the information and experience re- 
quired to make informed decisions with respect to the desirability of 
public vs. private ownership and the form of private ownership 

• There is a mismatch between the capabilities provided by land observa- 
tion technology and the structure of both public and private sector 
organizations which might benefit from those capabilities 

• Land remote sensing can provide a wide variety of benefits ranging 
from intangible public goods to high dollar value private returns; there 
are strong differences in political philosophy and values over which of 
these benefits should be given priority in designing a permanent 
framework for operating the technoiogy 

9 In a related way, there are per sister.' •.*: inferences in perspective about 
the respective roles of government ai>* the private sector in providing 
various services to society and about how best to insure return to the 
public from its investments in government research and development 
programs 

• Finally, land remote sensing has inherently global dimensions, if only 
because it operates using resources which are recognized as global 
"commons"— outer space and the frequency spectrum. While it may be 
possible to design a framework for the technology on a national basis, 

there are inescapable international dimensions to the problem. 

Remote sensing policy under the Reagan Administration is reviewed in M. 

Mitchell Waldrop, "What Price Privatizing LANDSAT?" Science. February 11. 

1983, pp. 752-754. ' “ 
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It is beyond the scope of this report to discuss any of these general concerns 
in depth, yet they provide the context within which the specific issues are 
discussed below. The recent discussions of commercialization, in particular, have 
been carried out against the backdrop of an expectation created early in the 
LANDSAT program that land remote sensing would create billions of dollars 
annually in benefits. If indeed the technology, as soon as it was relatively mature, 
could have such an impact, and if the benefits could be provided as private goods, 
then clearly rapid commercialization was a plausible objective and potential 
operators should be struggling to be first in. line to have an opportunity to profit 
from remote sensing. 

That is clearly not the case. The market assessment presented in Section 4 
indicates the limited size of the current market for LANDSAT products and 
suggests only moderate mid-term prospects for growth in products for which 
specific users would be willing to pay a significant price. There may well be 
extremely high benefits to society from employing land remote sensing technology} 
but it seems extremely difficult to provide those benefits in terms of private 
goods. The breakdown of potential benefits given in Table 7.1 may be useful in 
understanding the mixed public good/private good results of the use of this 
capability; that understanding is in turn a key to recognizing why it has been so 
difficult to reach agreement on most of the issues under debate. 

In the end it is the political questions— the division of roles am responsi- 
bilities between the public and private sector— which is driving, and complicating, 
all of the discussions surrounding the permanent framework for land remote 
sensing. In many ways the current situation may be considered unique in that it 
involves a technology developed and demonstrated totally under public sector 
auspices and for which the federal government remains a major user, yet which has 
still been expected throughout its development to be eventually transferred to the 
private sector. Current patterns of operation, with users both inside and outside 
the government, run the risk of being disrupted by a possible transfer of the 
* 

For example, in 1975 the value over a two-year period of information on 
wheat crops was estimated at $400 million to the United States and $1.7 bil- 
lion to the rest of the world; benefits of a 1985 operational system (for 
information on wheat only) were estimated at $300 miilion/year for the 
United States and $1.5 billion /year for the rest of the world. American 
Institute of Aeronautics and Astronautics, Space; A Resource for Earth (New 
York, 1977), p. 28. 


TABLE 7.1 U.5. INTERESTS IN CIVIL REMOTE SENSING 


TECHNICAL INTERESTS 

A. BASIC SCIENTIFIC KNOWLEDGE AND UNDERSTANDING OF VARIOUS FEATURES OF THE EARTH 

C. GLOBAL CAPACITIES FOR DEALING WITH NATIONAL ANO INTERNATIONAL PROBLEMS IN AGRI- 
CULTURE, ENERGY, ETC. 

C. TECHNOLOGY DEVELOPMENT PROVIDING ADVANCEMENTS IN REMOTE SENSING ANO RELATED 
FIELDS 


PUBLIC INTERESTS 

A. SPECIFIC FCOERAL NEEDS AND FUNCTIONS WITHIN VARIOUS AGENCIES AND PROGRAMMATIC 

r ,s 

B. PUBLIC INTEREST NEEDS ANO BENEFITS FOR STATES, LOCALITIES, UNIVERSITIES ANO 
GENERAL PUBLIC 

C. SUPPORT FOR U.S. DECISION MAKING BY PROVIDING INFORMATION ON SUCH ITEMS AS 
CROP PRODUCTION IN FOREIGN COUNTRIES 


ECONOMIC INTEREST 

A. ECONOMIC INTERESTS OF U.S. PRIVATE SECTOR IN A VARIETY OF FIELDS, I.E., OIL ANO 
MINERAL EXPLORATION 

P. U.S. COMPETITIVE POSITION IN SPACE TECHNOLOGY INCLUDING MANUFACTURING AND SERVIC- 
ING OF EQUIPMENT, DISSEMINATION OF DATA, PROVISION OF TECHNICAL SERVICES AND 
ANALYSIS 

C. REDUCTION IN INFORMATION COSTS roR FEDERAL, STATE, LOCAL AND PRIVATE SOURCES 

0. CONTRIBUTION TO GENERAL ECONOMIC GROWTH BOTH OF LDCs ANO THE WORLD AS A WHOLE 

E. RETURN ON SPACE INVESTMENT WIM ECONOMIC ANO OTHER KINDS OF BENEFITS FOR NOMINAL 
COST 


U.S. INTERNATIONAL INTERESTS 

A. SUPPORT FOREIGN POLICY THROUGH PROVISION OF INFORMATION AND RELATED SERVICES 

B. MAINTAIN U.S. LEADERSHIP WITH THIS TECHNOLOGY AS ILLUSTRATION OF CONTINUED LEADER- 
SHIP IN SPACE 

C. SUPPORT U.S. POSITION WITH LDCs HONORING COMMITMENTS FOR TECHNOLOGY ANO BUTTRESSING 
POSITION IN NORTH/SOUTH DIALOGUES, THE U.N. AND OTHER FORUMS 

0. SUPPORT INTERNATIONAL COOPERATION IN SPACE VIA COMMITMENTS TO FOREIGN GROUNO STATIONS 
ANJ OTHER INVESTORS FOR DATA CONTINUITY AND EVENTUAL SYSTEMS COMPATIBILITY 

E . PROMOTE OPENNESS THROUGH THE TREATMENT Or GENERAL INFORMATION AS AN INTERNATIONAL 
GOOD 

F. GENERAL INTERNATIONAL COOPERATION AS MODEL OF EFFECTIVE WORKING RELATIONSHIPS AMONG 
NATIONS 


SOURCE: EARTH INFORMATION FRO M SPACE BY REMOTE SENS ING. A REPORT PREPARED FOR OSTP BY 

BAunO ranrarmr. STTCITS' SHAPL£V ANO Eugene 8. SKOLNIKOFF, JUNE 2, 1978, PP. 4-7. 



system. Thus both political interests and organizational inertia are involved in this 
transfer, making the decision even more difficult. 

Successful commercialization depends on whether there are sufficient private 
benefits to lead to an eventual satisfactory return on investment for a private 
operator, recognizing the existence of a continuing and substantial government 
demand for land remote sensing services. As one of its findings, the Subcommittee 
on Space and Applications, of the House Committee on Science and Technology, 
concluded that 

The greatest negative influence on the evolution of an operational civil 
and land remote sensing system has been the inability to fully evaluate 
the relationship between LANDSAT and national needs to«provide a 
long-range policy that is continuously reflected in the budget. 

All in all, given the economic factors discussed elsewhere in this report, the 
past history of the LANDSAT program and the current nonfinancial issues discussed 
in this section, the task of designing an appropriate long term framework for the 
land remote sensing system is about as challenging as one could ever find. As 
mentioned earlier, it is obvious that the issues raised reflect fundamental dif- 
ferences in political philosophy which exist in the U.S. society; the dominant 
philosophy at a particular time determines priorities and defines the appropriate 
role of government. All of these differences are the topic of continuing political 
debates and are unresolvable analytically. Inevitably, ai> eventual decision on a 
permanent framework for the land remote Rinsing is going to be a political decision 
in which one set of values prevails over another. This report can make a 
contribution to informing those participating in such debate, but it cannot 
substitute for the political process. 

7.2 International and Foreign Policy Issues 

The capability to make useful observations of all parts of the earth's land 
surface from orbit, using a U.S.-developed and operated satellite system, has 
provided a foreign policy opportunity for the United States. It has also created 
international demands that the United States, along with other potential operators 
of earth observation systems, be governed by a series of existing and emerging 
international obligations and principles related to remote sensing. These op- 
portunities and obligations define an essential part of the context within which 

# 

House Committee on Science and Technology, Civil Land Remote Sensing, op. 
cit., p. 4. 
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various scenarios related to a permanent U.S. remote sensing venture must be 
evaluated. 

Current U.S. government policy with respect to the international aspects of 
remote sensing dates back to Richard Nixon's 1969 pledge before the U.N. General 
Assembly that "this program will be dedicated to producing information not only 
for the U.S. but also for the world community." in the years since, the United 
States has put forth, and defended strongly against criticism, a policy of open and 
nondiscriminatory access on the part of all countries and the l* citizens to the 
products of the LANDSAT system. The United States has taken positive steps, 
ranging from allowing other countries direct access to LANDSAT spacecraft with 
their own ground stations to providing technical assistance to countries wishing to 
use LANDSAT information, to implement Nixon's 1969 statement and its open 
access policy. Any attempts to reverse the policy, to change the expectations or 
to modify the patterns of use which have evolved over the past decade will be 
certain to create international tension. 

The current state of international thinking on remote sensing, at least on the 

governmental levci, is perhaps best reflected in the report of the 1982 Unispace 

Conference. That report noted that although remote sensing is still in a 

"preoperational" stage, "it is only a matter of time— and a short time— before this 

very important application attains a completely operational status." Given this 

reality, tne report said "agreement should be reached on principles governing 

satellite remote sensing. Work to this effect....should be continued as a matter of 

priority, aimed at speedy agreement on such principles." In addition to a 

framework of general principles, concern was expressed that 

Satellite operators should give assurance about continuity of data flows 
and provide indications about estimated lifetime [of] preoperational 
and operational systems in order to help all countires, in particular the 
developing countries. Comparability of various systems anti data 
formats is another important aspect.... 

Since remote sensing can collect data from ail countries, it is therefore 
possible to use shared or internationally-owned remote sensing satel- 
lites.... 

It is suggested that a study be undertaken to assess the need for and the 
viability of a worldwide remote sensing system. Such a study could 
consider various ways of providing remote sensing data— including 
regional, bilateral, multilateral and international arrangements— with 
the users bearing therefore the development, production, launching and 
operation costs of the satellites. Assuming that any one of these 
systems could provide assurance of continuity of data formats, avoid 
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forced obsolescence of equipment, and enable the development and use 
of standardized data analysis software, the study should in particular 
indicate the comparative cost of such systems to the users vis-a-vis 
systems currently in operation and/or under development. 

A persistent issue in international discussions is "a possible situation in which 

data are not available to the sensed State but are available for commercial and 

other forms of exploitation by another country." At the conference 

Some delegations expressed serious concern regarding the dissemination 
of data collected by remote sensing satellites.. While several developed 
and developing countries felt that such information should be freely 
available to any interested State, most delegations felt that the consent 
of the sensed State should be required before data could be released to 
a third State organization or third party. Some developing nations felt 
that the consent of the sensed State must be obtained before sensing, 
even if the information was not to be disseminated beyond the 
concerned States: some felt that in no case should the information be 
available to any State other than the sensor and sensed States. Most 
representatives expressing an opinion on the point agreed that priority 
in access to data must be accorded the sensed State. 

## 

The central points made by potential foreign users of land remote sensing 
products, then, are: 

• The need for continuity in operation and overall system characteristics 

• The need for guaranteed access at an acceptable price with provisions 
to avoid intrusions on national sovereignty. 

The United States has attempted to deal with these pressures from the 

international community in ways that maximize these U.S. policy objectives: 

• Maintaining U.S. leadership in space technology 

• Assisting the economic and social development of the developing 
countries 

• Promoting international cooperation as a means of achieving common 
objectives and as an example of the benefits of harmonious relation- 
ships among nations 

• Ensuring U.S. ability to use space technology for its own national 
objectives, including operation of earth observation systems by both 
civil and national security agencies 

United Nations, Report of the Second United Nations Conference on the 
E xploration and Peaceful Uses of Outer Space , Vienna, August 9-12, 1982, 
A/CONF.lOl/lO. 

## 

The current debate is between the United States, as the country farthest 
along in developing a remote sensing system, and countries without plans to 
develop their own systems. In general, other potential system operators, such 
as France and Japan, have moved to a position close to that of the United 
States on such issues as the need for prior consent of a sensed state. 
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• Enhancing the development of the U.S. economy by fostering new 
industries, new employment opportunities and new markets for U.S. 
firms. 

In seeking to achieve these objectives the U.S. government has entered into a 
series of legal and political obligations. These includes 

a The provisons of the Outer Space Treaty of 1967 which require "States 
party to the Treaty" to "bear international responsibility for national 
activities in outer space,. ..whether such activities are carried on by 
governmental agencies or by nongovernmental entities}'' such non- 
governmental activities "require authorization «n^ continuing super- 
vision by the appropriate State party to the Treaty." 

e A series of agreements negotiated with other governments to permit 
them access under mutually agreeable terms to the output of U.S. 
remote sensing satellites using foreign owned and operated ground 
stations. 

e Through our advocacy of the policy of open, nondiscriminatory access in 
UN forums and otherwise, > fairly explicit obligation not to create 
either formal or informal (such as unaffordable prices or continuing 
changes in technical format of the system output) barriers to any 
country, organization or individual who wants to use the system, with 
all users receiving nondiscriminatory treatment. 

e Through negotiations in the International Telecommunications Union, 
agreement not to use the frequencies allocated for communicating 
remote sensing data streams to ground stations for any other purpose. 

Given this melange of concerns, objectives and obligations, a few of the 

## 

international issues which are suggested includes 

Future International Negotiations 

Over coming years as remote sensing capabili ies evolve, there are sure to be 
continuing international negotiations. These will take place in the United Nations, 
other permanent multilateral organizations, ad hoc or informal multilateral groups, 
or on a bilateral basis. Participation in these negotiations may vary, depending on 
the framework adopted for U.S. remote sensing activities. If a private sector 
option is selected, what international role, if any, will the private sector operator 
want the U.S. government to play? What role will U.S. government agencies 
believe is required to protect U.S public interests? 


Treaty on Principles Covering the Activities of States in the Exploration and 
Use of Outer Space, Including the Moon and Other Celestial Bodies, 1967, 
Article VI. 

This discussion treats only the distinction between a government-owned 
system and a privately-owned system without attention to various scenarios 
for private ownership. Such treatment is provided in the comparative 
analysis in Table 8.2 


Evolution of International Principles to Govern Remote Semina 

After ten years of debate in the U.N. Committee on Peaceful Uses of Outer 
Space (COPUOS), there remain major differences. Prospects for consensual 
agreement (which is the standard practice for this committee) are dim. In a 
similar situation with respect to direct broadcast satellites, a majority of countries 
agreed to move the issue from COPUOS to the Political C • imittee of the General 
Assembly, which operates according to majority vote. The United States opposed 
this move, and the principles which resulted from it. Might the prospect of 
transfer to private sector operation stimulate a similar attempt? 

Maintenance of Open Nondlscrimlnatorv Access 

The interests of a commercial operator might sometimes conflict with the 
long-standing U.S. policy in this area; one way of increasing the value of remote 
sensing products is to limit their dissemination. Another is by providing priority 
access to some users. The Department of Commerce Land Remote Sensing 
Satellite Advisory Committee recommended that there be a government require- 
ment "that the operator, whether it be the government and/or the private sector, 
subscribe to the open sky policy— which primarily means that anyone, anywhere, in 
any countries can purchase the data at equitable prices." The current government 
policy, as enunciated in President Reagan's space policy statement of July 4, 1982, 
is to "support the public, nondiscriminatory direct readout of data from federal 

civil systems to foreign ground stations and the provision of data to foreign users 

#♦ 

under specified conditons." The policy is silent on requirements for nonfederal 
systems. 

One way to restrict access to remote sensing data is to adopt policies which 
are explicitly discriminatory. Another means is to price certain data (such as 
"quick looks") in ways that exclude some potentially interested users. This 
possibility has been noted by the international community, for example, a 
Romanian spokesman told COPUOS this spring of his concern about "the relatively 
new question of considering satellite remote sensing activities as operational, on a 
purely commercial basis, with the immediate consequence of augmenting by 

* 

Department of Commerce, Minutes of the Land Remote Sensing Satellite 

Advisory Committee meeting, November 1982. 

The public statement of Administration space policy is contained in a White 

House Fact Sheet, "National Space Policy, t; July 4, 1982. 
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several times the cost of remote sensing products. Under these conditions, 
effective access to the data is practically possible only for developed countries." 

How will considerations of cost recovery and even commercial profit interact 
with an open access policy as an operational system evolves? Will system products 
be provided to poorer countries on a subsidized basis? What are the interactions 
among U.S. policy objectives vis-a vis developing countries, the economic viability 
of on operational system and the general concern of avoiding tensions? Although 
poorer countries may in the long term have the prospect of receiving the most 
benefits from remote sensing, who will make the investments required for them to 
be effective users, and thus a growing market for the system? In the short run, 
would more expensive products from a private commercial system drive away non- 
U.S. users? 

Meaning of U.S. Leadership in Space Technology 

Current policy is to "maintain United States space leadership," particularly in 
"critical aspects of space, applications and technology;" in these areas, the 
objectives is "preeminence ." 4 The meaning of this policy with respect to remote 
sensing technology is unclear. Given the emerging foreign competition in the field, 
how will the U.S. government respond: by a continued program of R&D in the 
remote sensing area, keyed to staying ahead of competing systems; by reliance on 
the private sector to develop a superior system for the United States, without 
continuing government R<3cD subsidies; by providing subsidies or incentives beyond 
R&D to a commercial operator in order to help it best foreign competition and thus 
bring the benefits of a growing remote sensing industry (sales of equipment; 
training of non-U.S. personnel; consulting services, etc.) to the U.S. economy? Or 
is civil remote sensing not a "critical" area, and thus not on«* which requires U.S. 
leadership? What would be the costs, ir, terms of mo. ^ ii foreign policy or 
economic objectives, of a non-U.S, system dominav .45 the world market for 
remote sensing? This could happen if no commercial .wstem is established and the 
U.S. government withdraws from remote r activity after I.ANDSAT D' 
reaches the end of its lifetime, or if the U.S. co cial venture is unsuccessful. 

# 

The public statement of Administration space policy is contained in a White 

House Fact Sheet, "National Space Policy," July f, 1982. 


Future o 1 Non-U.S. Ground Stations 

It is likely that any future U.S. remote sensing system will use a data relay 
satellite to return data to U.S. ground station. Thus there will be no strong 
requirement, from a U.S. perspective, for direct readouts to ground stations 
outside the United States. For a number of years, the U.S. government has 
permitted, even encouraged, the development of such ground stations, mainly as 
means of underlining U.S. policy on open access and as a symbol of friendly 
relationships. Other governments have entered into agreements with the United 
States government with respect to access to LANDSAT and have made substantial 
investments in ground stations and related data processing and interpretation 
equipment. The motivations of these countries have ranged from national prestige 
to a careful calculation of tangible payoffs from the use of LANDSAT data. 

The role of foreign ground stations in an era of operational remote sensing 
systems is problematical. If cost recovery is the objective of a government 
system, will the access fee and royalty arrangements have to increase to levels 
which foreign operators wiil find hard to accept? Will the U.S. government provide 
what is in effect subsidized access to foreign operators? If a private U.S. system 
evolves, what changes will result in the relationship with non-U. S. entities, which 
negotiated their current arrangements with the U.S. government? Would some 
countries prefer to deal with a non-U.S. system rather than a U.S. system which is 
privately operated? Could non-U.S. ground stations be effective in the role of 
regional franchised distributors of remote sensing products, operating in a com- 
merical context? How could any proprietary restrictions on remote sensing data, 
e.g., copyright, be policed and enforced when there is multiple access to the 
system? 

Creating Dependency Relations 

To date few entities (including those in the United States) are critically 
dependent on the avaiiability of remote sensing data to achieve their important 
objectives. As the technology matures and its use becomes widespread, this 
situation could change. This has positive aspects from a U.S. perspective, since it 
would place the country in a position to exert some influence on global develop- 
ments because it controlled a technological resource with global implications. 
There are negative aspects as well; for example, countries which depend on reliable 
access to U.S.-supplied remote sensing data may protest or retaliate if, for some 
overriding reason, the U.S. system should go out of service, charge excessively high 
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prices, or provide products with degraded quality. By making remote sensing a 
critical tool in the common task of managing the giobai ecosystem, the United 
States takes the responsibility of long-term, high-quality performance of its earth 
observation systems. 

This discussion of the international aspects of land remote sensing has been 
extensive because the international character of the system presents extremely 
difficult issues to those attempting to select a framework for the U.S. operational 
system. This is especially the case when the general foreign policy issues discussed 
m this section are examined together with those issues more closely related to 
national security concerns. The next section is such an examination. 

7.3 National Security Issues 

It is a matter of public record that the United States uses earth observation 
satellites as one of its means of gathering intelligence information with respect to 
other areas uf the world; these satellites are assets of extremely high value to U.S 
national security interests. The capabilities of these satellites have also been 
extensively discussed, and in most parameters they clearly exceed those available 
for civilian use. However, it is also reasonable to suggest that some information 
with intelligence significance can be extracted from existing civilian land observa- 
tion satellites and that existing national security systems may not duplicate ail 
capabilities available in civilian satellites (for example, coverage in particular 
spectral bands). Thus there are unavoidable national security aspects to the routine 
operation of a civilian land remote sensing system. In times of international 
tensions or crises, these aspects become more pronounced, and the U.S. govern- 
ment will want to ensure that its national security agencies will be able to control 
all earth observation systems in that situation. 

3ust as earth observation systems have both civilian and national security 
applications, the technologies on which they are based have "dual use" characteris- 
tics. Capabilities developed initially for national security purposes have potential 
relevance to civilian uses, and the technologies involved in sensors, data pro- 
cessing, image interpretation, etc. are sensitive in terms of export control 

regulations. 

— 

For a discussion of the capabilities of various U.S. observation satellites, see 

Thomas H. Karas, The New High Ground . New York: Simon & Schuster, 1933, 

Ch. 4. 
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Given these realities, the following national security issues are suggested. 

"Open Skies" Precedent and Ability to Carry Out National Security Observa- 
tions 

One not quite incidental fallout from the U.S. policy of open, nondis- 
criminatory access to the products of government earth observation systems 
operated for civilian purposes is the creation of a climate in which all U.S. 
observation satellites can function without drawing protests from the countries of 
the world. Any modification of an open access policy, particularly by a private 
operator seeking competitive advantage or increased economic return, could 
change this situation. For example, in the wake cf the recent Administration 
announcemee? of its intent to transfer ownership and operation of civilian earth 
observation satellites to the private sector, one Canadian official indicated that his 
government was "very concerned," saying "we have a satellite looking down at our 
country and we don't call it a spy satellite because we have nondiscriminatory 
access to it. ...But if we were charged 100 times as much by some company, then 
we might have to begin to wonder about this."* 

Tradeoffs Between National Security interest and Economic Competiveness 

Concerns 

Under continued government ownership and operation of the land remote 
sensing sateilite system, past patterns of coordination between national security 
agencies and civilian agencies such as NA5A and NOAA would likely persist. Some 
civilian sector objectives differ from those of the intelligence community, which 
has taken a conservative position on making available advanced sensor capabilities. 
On the whole, however, the relationship between the two sectors of the govern- 
ment has worked well. The potential for the transfer of the system out of 
government control does create serious questions regarding the extent of govern- 
ment supervision necessary and possible. National security-related areas in which 
a possible regulatory regime might engage itself include: spectral resolution, 

center frequency and tunable range; spatial resolution; geographic coverage; 
timeliness of data availability; tasking procedures and controls; and data dis- 
semination policies. 

The kind of quiet coordination which is possible within the government would 
be much more difficult to maintain in a relationship with a private sector entity. 

* Washington Post, March 8, 1983, p. 1. 
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In the instance of private sector operation of the system, it becomes very 
important to recognize the need to temper national security considerations when 
designing an appropriate regulatory regime. Out regard must be given to the 
international market in which the private entity is operating, so that regulatory 
practices do not seriously erode the system's competitive position. A private 
operator may find, for example, that improved sensor characteristics may be 
required in order to keep itself economically solvent. 

From the national security point of view, those sensor characteristics may 
present problems either in terms of revealing sensitive U.S. technological capabili- 
ties or in terms of providing images of the United States or other countries from 
which intelligence information could be extracted. If sensor capabilities were to 
be improved, then the intelligence community might want to involve itself in the 
process of determining appropriateness of data for dissemination. 

Reaching a balance between considerations of national security on one hand, 
and the need to develop a high performance, economically competitive system, on 
the other, will continue to be a very difficult and complicated issue as land remote 
sensing satellite technology develops. Further aggravating this balance is the fact 
that U.S. national security interests and controls are in a large part derived from a 
different set of motivations and values than the potential security controls which 
might be applied to the French, European or Japanese systems. Thus there is 
unlikely to be easy agreement among operators of remote sensing systems over 
what are acceptable limits on system performance from a national security 
perspective. 

Export Control Regulations and Land Remote Sensing 

There is heightened concern in recent years tnat U.S.-developed technology is 

being acquired by our adversaries and used as a major basis for their military 
* 

capabilities. There is also recognition that the export of products and services 
based on advanced technology is a major source of positive U.S. balance-of-trade. 
Creating an operational U.S. land observation system aimed at dominating the 
international market brings with it an export control issue: will the United States 
aggressively seek to supply all elements required for other countries to participate 
in such a system, e.g., ground stations, computing capability, image interpretation 

*This argument is made in, for example, Department of Defense, Soviet 

Military Power , 19S3. 
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capability, or will concerns over the export of sensitive or dual-use technologies 
limit the ability of the United States to capitalize fully on such a marketing 
opportunity? 

National security concerns such as those em -led in the iast two issues 
discussed above, in the context of a privately-operated system, must be addressed 
within the framework of whatever regulatory regime is created to oversee such a 
system. Such legal and regulatory issues are discussed in the following section. 

7.4 Regulatory and Legal Issues 

* 

Most regulatory issues arise, almost by definition, in the case of private 
sector operation of a land remote sensing system. Since any private system 
a) carries with it the international and national security implications discussed 
above, b) will be based on publicly-funded research and demonstration results, and 
c) will be serving a large variety of government needs, it is appropriate that the 
government take the measures required to protect the public interest with respect 
to private system operation. 

Conversely, a private system operator has the right to protection of its 
commercial interests; it should not be required to operate under conditions which 
prevent or inhibit success in developing a private sector remote sensing industry, 
and it may require various forms of government protection or assistance to develop 
such an industry. 

Whatever kind of legal and regulatory framework is adopted at the initiation 
of a private sector land remote sensing venture, it must be flexible enough to 
evolve over time as the enterprise grows and adapts to a changing operational and 
competitive situation. There will also have to be a decision on how general /speci- 
fic any regulatory framework should be. Most potential private sector operators 
would probably prefer the most general kind of regulations which are politically 
acceptable; given the many facets of system operation which are candidates for 
regulation, however, public authorities may decide that a relatively specific set of 
regulatory requirements will best potect the public interest. 

One area of common concern, v/hether the system is governmentally- or 
privately-operated, is that of proprietary controls over data and system products. 
If any kind of cost recovery is a system goal, then it appears that some form of 
control, such as copyright, is required to prevent secondary duplication and 
dissemination of system products. 
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The issues discussed below, then, reflect a decision to transfer land remote 
sensing responsibility to some form of private operator. 

Protection Against Competition ? 

The key issue here is whether the land remote sensing enterprise is a natural 
monopoly, and thus deserving of government protection from damaging competi- 
tion, or whether over the next few years various potential private suppliers of 
remote sensing services will emerge. !n this latter case, the appropriate role for 
government is to preserve a competitive environment and to prevent undesirable 
monopoly control. The findings of this report suggest that, at least for each class 
of remote sensing products individually, only one commercial venture can be 
successful, and thus that the situation does indeed resemble that of a natural 
monopoly. It is a slightly different question, however, whether that monopoly 
organization should be allowed to evolve through proving itself superior to any 
competition over a period of time, or whether it should be established at the start 
through competition over the awarding of the remote sensing "franchise." 

Starting with the assumption that a private monopoly of remote sensing is 
also in the public interest, the question then becomes: "What public assurances are 
required to ensure that a private venture is economically viable, with a reasonable 
degree of risk?" This is as much a political as an analytical question, and thus must 
eventually be answered in the context of the policy development and approval 
process. 

Possible Areas for Regulation 

In the discussions of this section, no distinction is made between the legal 
requirements which might be embodied in a contract between the government and 
a private sector operator and requirements which might be spelled out (either by 
Congress or by the designated regulatory entity based on its general authority) in 
the form of actual regulations and regulatory policies. In practice, however, this 
distinction will be important, as it is likely to be easier to modify contract 
requirements on the basis of experience than to change formal regulatory require- 
ments. 

Candidates for regulation include: pricing policies, conditions of service, 

conditions of access to system output, role of system operator in associated 
ventures, technical standards for various system products, requirements for coordi- 
nation and complementarity with non-U.S. systems, adherence to international law 
and treaties, adherence to national security constraints, provisions for government 


access or takeover in times of national emergency, insider use of remote sensing 
information, export control constraints, etc. Ihe list is long and the requirements 
complex and not always co isk.ent. The public interests involved are significant, 
but the danger of overregulatlon tindermining the viability of a private venture is 
real. Thus decisions on the nature and degree of regulation are likely to be 
difficult and subject to challenge. This is another reason for a flexible regulatory 
approach as the system evolves. 

Possible Areas for Government Assistance 

Since currently the federal government acquires a large portion of the 
distributed information products, the fundamental assistance that the government 
can provide to a private operator is guaranteeing to meet government needs by 
purchasing remote sensing products from a single U.S. operator, rather than 
procuring them on a competitive basis from other U.S. or international providers. 
The time span of this guarantee and its specific provision will be a subject of 
negotiation as the private venture evolves. However, questions which will 
inevitably be raised include: 

• Can the U.S. government pledge to purchase a specified amount of 
anything from a private supplier well into the future, when the funds 
for such purchases have not been appropriated? Or must the pledge be 
to purchase all of government's needs from a single supplier, without a 
guarantee of a minimum amount of business? 

• What will happen to government purchase requirements if the private 
operation is successful? Is unsuccessful? In the former case, will 
government incur a reduced purchase obligation, or a reduction in 
price? Will there be any kind of profit-sharing? In the latter case, will 
there be "bail out" provisions which will increase the cost to govern- 
ment of assisting the system? What are the government's obligations to 
a failing system? 

In addition to long-term purchases of system products, government can 
provide a number of other forms of legal and regulatory assistance to a private 
operator. These include: 

• Providing copyright or other form of proprietary protection so that the 
private operator can control dissemination of remote sensing products; 
this protection would have to extend to the operation of foreign ground 
stations and purchases by non-U.S. uses. 

• Waiving Freedom of Information Act provisions so that the government 
does not have to provide to the general public copies of products which 
the government purchases for its own needs. 

• Agreeing on terms for government use of its purchases. Will several 
agencies be able to share a single product, or must each agency pay for 
its own needs? 
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a Providing protection from legal actions initiated by potential competi- 
tors. What will be the anti-trust context in force if the government 
creates and maintains over time a monopoly relationship with a single 
remote sensing venture? 

# Helping the private operator Jn market development vis-a-vis, on one 
hand, such potential users as state and local governments and research 
Institutions and, on the other, overseas markets which might result 
from U.S. governme.it technical assistance program- or export pro- 
motion efforts. 

a Protecting the U.S. operator against unfair foreign competition in 
third-country markets or in the nongovernment share of the U.S. 
market. 

As the above discussion suggests, questions arising from the necessary 
relationship between the U.S. government and any private system operator will be 
persistent and multifaceted. In order to carry out the government role in this 
partnership, an effective institutional mechanism or mechansims must be char- 
tered. The following section discusses this and other institutional issues. 

7.5 Institutional Issues 

It should be clear at this point in the discussion that any particular 
institutional format chosen for a land remote sensing satellite system would be 
derived from answers to a series of questions regarding the kind of political, 
international, iegal/reguiatory and national security implications identified above. 
Whether the system is government owned, quasi-governmental or privately owned 
by either competitive or monopolistic entities, there is no doubt that there will be 
vested in it such organizational devices as are deemed necessary by the govern- 
ment to assure that relationships between the system's operator and various public, 
foreign policy and national security interests are preserved. It is most likely that 
the organizational framework for the U.S. land remote sensing satellite system 
whicn is selected will be that which best embodies the dominant set of political, 
social and economic philosophies of the time, rather than a structure determined 
analytically to be optimum. 

Therefore, detailed attention is not paid in this section to an analysis of a 
variety of organizational alternatives. This is simply because institutional issues 
appear to be somewhat secondary when compared to other nonfinancial issues. 
Given an agreement within Congress and the Executive Qranch on what political, 
social and economic parameters should guide the establishment of the system, 
there is little doubt that a viable framework for the operational land remote 
sensing system can be designed. A historical example of such organizational 


innovation was the creation oi the Communications Satellite Corporation 
(COMSAT). Once majority agreement was reached during the economic and 
political debate which occurred in the summer of 1962 over the appropriate 
framework for commercializing communication satellites, it was possible to design 
an innovative organizational form which was satisfactory to most of the partici- 
pants in the debate. There is no reason to think that in the case of the land remote 
sensing satellite system the situation will be any different. Much of the 
controversy over various organizational forms in the case of both COMSAT and 
now land remote sensing, it appears, has actually been as a surrogate for debate 
over more fundamental issues of economic and political philosophy. 

There are several comments which can be made with respect to institutional 
aspects of the remote sensing issue. One is that the structure of the federal 
government has proved ill-matched to the task of developing and demonstrating a 
system which would lead to commercialization. A RdcD agency, NASA, was 
responsible for the early stages of the U.S. land remote sensing program, and its 
actions in retrospect appear driven as much by considerations of engineering 
development as by those of user requirements and market opportunities. The 
interim government operator of the system, NOAA, has had little opportunity to 
demonstrate whether it can be successful in creating a more user-oriented, 
operational style for the LANDSAT program. Many different federal agencies, 
particularly Argiculture, Interior and the Central Intelligence Agency, are users of 
remote sensing data, but they have differing needs and priorities vis-a-vis remote 
sensing, and none seem willing to make long-term commitments to data purchases 
and to using the output of the system in ways critical to their respective missions. 
This may be partly due to the lack of guarantee of continuity of service. A major 
argument against keeping remote sensing within a governmental framework (in 
addition to economic and political factors) is the limited evidence to date that this 
will result in a successful U.S. system in the long run. 

A second set of institutional issues relates to the government's role vis-a-vis 

# 

any privately operated system. According to current policy, the Department of 
Commerce (specifically, it would seem NOAA/NESDIS) will have responsibility for 
aggregating government requirements, specifying the conditions under which a 
private system will operate, and developing and implementing the regulatory 

*White House Fact Sheet, "National Space Policy." 
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framework for the system using the authority provided by Congress as part of the 
iegisiation transferring the operating franchise to a private entity. The point here 
is that NOAA has iimited experience in any of these roles, and some sort of 
institutional and staff modifications are likely to be necessary to provide the 
capabilities required. 

7.6 Gen eral Policy Iss uf 

■MSB MIMnMMMMMMWM I !. 

This review of the various categories of nonfinancial issues has !cd to the 
Identification of several major policy concerns related to the viability of the 
remote sensing venture; to the R&D requirements for the future success and 
continuity of the system; and to the balance between public, governmental and 
private interests. 

In determining the appropriate Institutional location for the permanent 
system, decisions must be made as to the extent of responsibility that the 
government will assume. For example, under continued government ownership and 
operation, commitments must be made to uses which may necessitate re-examina- 
tion of long-term budgetary requirements for affected agencies. Under private 
sector control, criteria need to be set which will outline the extent of the financial 
obligations the government may have with the private sector entity, including 
provisions for possible failure of the system due to successful competitive pressure 
or to general lack of demand for its products. For example, will government be 
asked to nationalize a failing venture because of its importance to national and 
societal interests, as well as to private interests? When a private venture is 
threatened by economic competition from overseas systems, will the government 
adopt protectionist policies? Will the government's positive role include expanding 
international markets? What steps and policy requirements would oe required in 
the case of technical failure of the system? How much redundancy in the system 
wi.(i be required of a private operator, or even a government-operated system, in 
order to assure data continuity? Will government retain the right to step in and 
l&jnch its own satellites or to assume some sort of managerial control over the 
private venture in the event of failure, economic or technical, of the private sector 
operator? 

It is assumed that research on advanced remote sensing technology will 
continue to be carried out under government auspices, either through an active 
civilian R&D program or in the context of meeting national security requirements. 


Yet the extent and conditions for transfer of such government-developed tech- 
nologies to a privately operated system ?*? unclear. Government has not yet made 
an explicit commitment to continue R<3rD on sensor and processing technologies if 
operation o i tne land remote sensing system is in commercial hands. In the case ni 
communications satellites, the United States withdrew from R&O In related 
technologies m the early 1970s on the grounds that since the private sector war. 
operating communications satellites* they should also be responsible for the RicD 
required for future systems. This policy wfv reversed under the Carter Adminis- 
tration, and NASA in recent years has resumed its communications satellite R&D 
efforts. The grounds given for this policy reversal was that the private sector was 
not doing the basic work required to keep the U.S. competitive vis-a-vis other 
industrial countries. 

This suggests that a program of continued government RicD cannot* in fact, 
be assumed; NASA priorities may well point elsewhere. Other problems likely to 
characterize any continued relationship between government and a private sector 
operator in the are<;. of R&D pertain to how decisions on the R&D are to be made 
and by whom. For instance* who is to determine what areas of R<ScD are most 
important and who is to say when a new technology is "operational?" Also, what 
restrictions are to be placed upon use within government of products resulting from 
RicD efforts, since potentially these could undercut the government marker for 
existing remote sensing imagery. 

Of overriding importance is the recognition that there are both public and 
private interests in land remote sensing and that the two do not necessarily always 
coincide. It is important in assessing alternative systems to pay proper attention 
to determining the appropriate balance between public and private interests. This 
balance must be not only achieved prior to transfer, but should also be assessed 
throughout the subsequent life of the system. 

In deciding on a strategy appropriate for transfer to private operation, it is 
important to keep in mind the fact that the public has invested well over a billion 
dollars in the development of this capability to date. There are certain expecta- 
tions, irrespective cf recoupment considerations, about the continued responsive- 
ness of the system to public interests. These expectations will persist whether the 
system is ha.tded over to a monopoly, to competitive enterprise or is designed in 
the formation of a public corporation. Numerous political difficulties and conflicts 
might arise if transfer to a private operator is attempted without some form of 


meaningful competition. One reason lor this lies with basic problems in designing a 
regulatory entity which is effective in its performance of its public responsibilities 
and assigned duties, if transfer is through a noncompetitive, sole-source award, 
problems may develop as a result of the "captivity" that sometimes occurs when a 
jingle body functions as both user and regulator of the activities of an industry. 

On the other hand, the interests of any private sector operator of remote 
sensing must also be protected. Various foreign policy, international, national 
security or domestic interest must be addressed, yet regulations should be 
tempered by concerns of commercial viability and economic stimulation. Care 
must be taken to ensure that the private entity is not overregulated and is able to 
operate over time in an efficient and profitable manner. 

7.7 Policy Requirements - A Summary 

Whatever scenario is followed for creating a permanent operational frame- 
work for the U.S. remote sensing system, it seems that government policy dealing 
with the following must be developed by the cooperative efforts of Congress and 
the Executive Branch! 

• Providing /or system continuity (or of ways of dealing with discon- 
tinuities; - Full potential o? remote sensing applications and markets 
will never be achieved unless users can depend on having the kind of 
system output they need available when they need it. 

• Setting data policy - Although the substance of a data policy may differ 
depending on the overall framework selected, the government will have 
to decide what kind of influence it wishes to exert on parameters such 
as price of system products, conditions of access to those products and 
technical standards for system performance. 

• Relating a U.S. system to other systems, to non-U.S. use rs, and to 
international political and legal factors -“there is an inescapable’ inter- 
national dimension involving cooperation, coordination and competition 
to any remote sensing enterprise. How international aspects will be 
integrated into system operation will remain a continuing policy chal- 
lenge. 

• Developing a regulatory framework for system operation * Any system 
operator will have to manage a remote sensing enterprise within limits 
and requirements set by government. That framework should reflect 
alancchd agreement with respect to a variety of conflicting national 
goals, objectives and interests relevant to remote sensing activities. 

Reaching agreement on such a policy framework, given other financial and 
nonfinanciai issues reviewed so far in this report, will require creative policy 
making and a willingness to compromise, negotiate and "satisfice" with respect to 
the many private sector and public sector interests connected to remote sensing. 


Th« previous section o f this report reviewed several scenarios for setting up a 
permanent framework, with an eye to determining whether one or another of these 
scenarios to more likely to facilitate the needed agreement. As has been said 
several times in this section, many of the choices to be made are choices between 
conflicting soais and values, and thus are the kind of choices beat made for society 
through its legitimate political authorities. 
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8. OBSERVATIONS/CONCLUSIONS 

Benefit and cost effectiveness studies performed over the pa*t decade have 
concluded that the potential benefits from a LANDSAT system would be on the 
order of hundreds of millions to a billion dollars annually [26-29], With these 
large potential benefits an obvious question is why has commercialization not taken 
place? A likely answer to this question is that a public sector undertaking, such as 
the LANDSAT program, can be justified if it can be shown that the potential 
benefits from the program exceed program costs. The benefits are to the public at 
large and there need not be a convenient mechanism for charging for benefits 
provided. The public sector's objective is to maximize societal benefits. A private 
sector business venture may provide the same public benefits but the benefits of 
concern are those obtained by the business venture in the form of profits. The 
private sector objective is profit maximization. 

It is very often the case that the objectives of profit maximization and 
benefit maximization do not coincide. This is normally the case when there is a 
lack of pricing me- hanisms that relate to benefits. To illustrate, consider a system 
that improves emergency communications in rural areas. Studies have shown that 
this could lead to thousands of lives saved annually having economic value to 
society of hundreds of millions to billions of dollars. However, commercialization 
is not likely to occur specifically for this application because there does not appear 
to be a pricing mechanism that can be related to the value of lives saved. 

For a business to achieve a profit requires revenue which in turn implies a 
pricing mechanism. Unfortunately, many of the potential benefits from land 
remote sensing have not been linked by a pricing mechanism; in other words they 
are a public good. To date it appears that pricing mechanisms have only been 
established based upon budgets that have been developed over time for providing a 
service (for example, obtaining imagery that will assist in the location of mineral 
deposits, and collecting wheat yield data and producing crop forecasts)— the value 
of LANDSAT data has basically been equated with the cost of collecting similar 
data by other means. Generally, budgets have not been increased because of the 
"added capability" or added value of the information products to society. Thus the 
markets to date for LANDSAT type products have been related to existing data 
collection budgets. New or increased markets will only develop as an appreciation 
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develops for the added capability and added value of the LANDSAT type products. 
When budgets are not increased to the point where net benefits are maximized 
through private sector actions, government participation through ownership and 
operation or subsidization may be appropriate in order to achieve the societal 
benefits that might otherwise be foregone. 

The observations and conclusions that may be drawn from the analyse* 
reported in the orevious pages have been grouped into the categories of Operations, 
Financial and Nonfinanciai. These are discussed below. 

S.l Observations/Conclusions: Operations 

LANDSAT D is currently providing land observation data. It has a finite 
life— possibly three years. When D fails it will be replaced with D'— this is not a 
certainty since launch reliability is not 100 percent. If D* is placed into orbit 
successfully it is likely to last two to three years. If action is not taken swiftly, it 
is likely that both D and D' will have failed before a replacement is possible. This 
series of events, coupled with the expected competitive SPOT and other systems 
and 'the need for uninterrupted service, poses a dilemma. 

First the need for uninterrupted service. Certain users (both U.S. and 
foreign) have come to rely on LANDSAT information products. An interruption in 
service may cause these users to revert back to pre-LANDSAT operations or to 
seek similar data from other sources, for example SPOT. Since the market 
(assuming uninterrupted service) for LANDSAT products is anticipated to be 
insufficient for commercialization, government support will be required to achieve 
a goal of commercialization. Therefore a loss of any piece of the market (because 
of an interruption in service) can be significant and would have to be mode up by 
additional government support. 

The dilemma is that the anticipated sequence of events dictates that rapid 
decisions be made with respect tc commercialization or retention. Insufficient 
information currently exists upon which to make the necessary informed decisions, 
because of the magnitude of the costs and expenditures and procurement times 
associated with remote sensing, inappropriate decisions rnay not be reversed for a. 
decade or more. On the other hand, informed decisions imply time delays while the 
necessary information is obtained upon which to base these decisions. Delays 
increase the likelihood of service interruption. Therefore, informed decisions 
imply the need for an additional spacecraft to backup LANDSAT D*. This must be 





103 

initiated immediately if there is to be a high likelihood of continuity of service. It 
should be noted that doing nothing implies either phase-out or interruption in 
service-both are good for competitive systems. 

The inability to be specific about launch vehicle cost is a contribution to the 
uncertainty surrounding a possible commercial venture. NASA has not establishes 
definitive plans with respect to the support of the DELTA launch vehicle beyond 
FY 86. Commercialization of the DELTA and other expendable launch vehicles is 
uncertain. Shuttle pricing policy for WTR launches has not yet been established. 
Ariane is a possible alternative. This uncertainty with respect to the availability 
and cost of launch vehicles will affect private sector investment decisions. 

8.2 Observations/Conclusions: Financial 

There are many possible business systems that may be considered as 
commercialization of the civil land remote sensing program. These range from 
short duration flights of Space Shuttle launched instruments with marketing and 
sale of collected data, to a combined land and weather remote sensing operational 
system with marketing and sale of information and value added products. Because 
of time constraints only one business system was considered in this study and this 
was not necessarily the best. The specific business system was based upon 
providing uninterrupted service resulting from the continued use of LANDSAT D 
and D' phasing in, slightly before the demise of D', new satellites with 80M and 
later 30M sensors having stereoscopic capability. The following commercialization 
o r retention options were evaluated and compared under the above business system: 

• Continued ownership and operation by the federal government (planned 
phase-out) 

• Continued ownership and operation by the federal government (estab- 
lishment of the necessary budgetary line items) 

• Wholly privately-owned and operated by an entity competitively 
selected 

• Phased private ownership (government ownership and operation witn 
private sector marketing) 

• Legislatively-chartered, privately-owned corporation. 

The analysis of these scenarios was developed based upon the same demand 
forecast and the same schedule of events. Government net cash flows were 
developed in all cases. For the private sector scenarios, financially viable business 
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ventures were developed based upon achieving return on capital and other financial 
measures deemed necessary to achieve financing. The required rates of return 
were obtained through the use of government subsidies. 

Underlying all of the commercialization or retention scenarios is a market or 
demand forecast that is characterized by great uncertainty. This is due to an 
insufficient understanding of the relationship of demand to information product 
attributes such as price, resolution, and number and location of spectral bands. 
Government actions with respect towards emphasizing or encouraging the use of 
land remote sensing information may significantly influence demand. This is 
extremely important since there appears (for the business scenario considered) to 
be insufficient demand for commercialization to take place without significant 
government involvement through ownership and operation, subsidization or a 
combination of both. 

A basic decision that has to be made is whether or not the government will 
continue to participate through ownership and operation and/or subsidisation or 
will withdraw from the remote sensing scene. Withdrawal implies a continuing cost 
either through the acquisition of information products or through benefits fore- 
gone. Withdrawal decreases the likelihood of commercialization which in turn is 
likely to result in price increases from SPOT or other systems through reduced 
competition. Government withdrawal (Phase-out) can be the lowest cost alterna- 
tive if potential benefits are not significantly larger than costs and the cost of 
information products does not rise significantly. 

Figure 8.1 summarizes the present value of government cash flow and 
average annual government cost associated with each of the considered commer- 
cialization or retention scenarios. The cash flow and costs take into account 
government expenditures such as payments for information products, operations 
costs, R&D cost, subsidy payments and equity purchases. These may be offset by 
receipts (from the private sector) in the form of lease payments, asset recoupment 
payments, TDRSS fees, profit sharing or royalty on sales, generated tax revenue 
and dividends. It is clear, for the business scenario considered, that government 
phase-out can be the lowest cost (from a direct budgetary point of view, not 
necessarily from a benefits point of view) alternative. When considering continua- 
tion of LANOSAT, the continued government ownership and operation scenario 
results ir. the lowest cost approach. The government costs increase, though not at 
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FIGURE 8.1 PRESENT VALUE OF GOVERNMENT CASH FLOW AND GOVERNMENT 
AVERAGE ANNUAL COST AS A FUNCTION OF COMMERCIALIZATION 
OR RETENTION SCENARIO (FULL GOVERNMENT RECOUPMENT) 

what might be considered a significant rate, as private sector involvement 
increases and government operational involvement decreases. It should be noted 
that if private sector operations can be conducted more efficientiy than similar 
government operations then the indicated costs would be reduced as private sector 
involvement increased (i.e., the siope of the dashed lines decreases and the lines 
pivot about the continued government ownership/operation costs). It should also be 
noted that, in general, as the private sector involvement increases so does the 
significance and complexity of nonfinancial issues. 

Government costs associated with continuation of land remote sensing, are 
anticipated to vary only slightly with the commercialization or retention scenarios. 
It is anticipated that government annual costs will average on the order of $70 to 
$80 million (FYS3$) through, and possibly beyond, 1994. The effect of asset 
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transfer and recoupment policy appears to be minimal. For example, for the 
private ownership and operation scenario, the present value of government costs is 
$1200 miilivin with full repayment (recoupment) for government assets utilized by 
ihe private sector vs. $1193 million with no recoupment. Average annual 
government cost (constant FY83$) is $82 million with recoupment vs. $81 million 
without recoupment. The effect of return on equity and cost of borrowing is 
somewhat more significant though not a major factor. Reducing required return on 
equity and the cost of borrowing by approximately 20 percent (from return on 
equity of 17 percent and cost of borrowing of 11 percent to 14 percent and 9 
percent respectively) reduces average annual government cost from $82 million to 
$75 million (constant FY33$) for the private ownership and operation scenario. 

Based upon the financial results, it is possible to make a plausible case that 
full transfer to the private sector with the expectation of a viable, self-sustaining 
enterprise is premature by a number of years. Thus, if it is desired to continue 
land remote sensing then it is possible to argue that either 

• There is a justification for unusual degree of government support for 
transfer recognizing the high value of land remote sensing information 
products, the possible lack of pricing mechanisms that reflect this value 
and the resulting high risk character of transfer to the private sector, 
or 

• There is a need for continuing government leadership in this area with a 
limited but possibly gradually increasing private sector role. 

In addition to examining government costs, the alternatives to government 
retention were studied from the perspective of a potential private 3ecrc r investor. 
In order to attain an acceptable rate of return, the alternatives to government 
retention involve either significant subsidy, or if the private sector takes on the 
marketing function, continued government ownership and operation of the space 
and ground segments. Of the private sector options considered, the latter appears to 
be the most attractive from the standpoint of financing (size of investment); 
however, all of the options to government retention share a complex set of 
non financial problems. On the other hand, should the government choose to phase- 
out LANDS/*.? operations, from a purely financial standpoint, it is not likely that 
tne private sector in the U.S. will sisp in and provide the same services that are 
currently furnished by the federal government without some form of subsidy. 
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8.3 Observations/Conclusions: Nonflnancial 

The many nonflnancial issues assume differing degrees of importance or 
significance for each of the commercialization or retention scenarios. These are 
summarized in Table 8.1. 

Major non financial issues are related to international, foreign policy and 
national security factors. Earth observation is a particularly sensitive activity 
internationally because nations take the concept of sovereignty seriously, infor- 
mation obtained on national resources is recognized as increasingly valuable. All 
of this implies that any framework selected for commercialization should include 
maximum assurance that no international conflicts will be created and no U.S. 
security or foreign policy interests unnecessarily compromised. Thus , any private 
system will need fairly close government oversight with respect to its International 
aspects. Otherwise, significant potential exists for international problems. 

The history of earth observation as government-developed technology and 
mixed public good/private good character of benefits from remote sensing combine 
to make transition to successful nongovernmental framework for operation partic- 
ularly difficult. Requirements for commercial success may include politically 
fragile government guarantees and policy actions. Thus , maximum flexibility to 
revise public/private relationship and conditions under which system operator 
functions should be retained in designing the initial framework for the system. 



9. RECOMMENDATIONS 


The following recommendations are presented based upon the premise that 
commercialization issues will persist. 

Because of the importance of decisions relating to commercialization, and 
the compressed timeframe for making these decisions which have long-term 
implications, it is recommended that a number of actions be immediatciy initiated 
so that informed decisions can be made. It should be noted that initiation (by the 
government) of procurement of another LANDSAT satellite (beyoria D') would 
extend the window available for making the critical commercialization decisions 
and allow more time for insuring that correct decisions are made. 

It is recommended that analyses of the mechanisms of carrying out the 
transfer of remote sensing systems to the private ector continue. Specifically, it 
is recommended that: 

• An in *depth quantitative market analysis be undertaken that will lead 
to definitive market forecasts and provide an understanding of demand 
relative to information product price, resolution, number and location 
of spectral bands and other important product attributes. 

It is also recommended that the analysis techniques reported herein be used 
to: 

• Continue the analysis and evaluation of other scenarios for com- 
mercialization of civil land remote sensing systems and to consider the 
impact of other market forecasts 

• Analyze and evaluate potential value-added business scenarios and to 
develop an understanding of their impact on and inclusion in com- 
mercialization scenarios 

• Analyze and evaluate scenarios for the commercialization of die 
meteorological remote sensing system 

• Analyze and evaluate scenarios for the commercialization of a com- 
bined civil land remote sensing system and a meteorological remote 
sensing system. 

It is also recommended that, in anticipation of the need to competitively 
select a commercialization alternative, evaluation criteria be developed against 
which commercialization proposals may be evaluated and then compared on 


# 

Driven by the timing of anticipated events such as the launch, operation and 
demise (after several years, if everything goes according to plan) of 
LANDSAT D' and the time required to acquire another LANDSAT satellite 
and have it available for launch as a backup to D'. 


a common basis. The selection of criteria can have a significant effect on which 
alternative will be selected. Such criteria as minimization of government subsidies 
and maximization of societal benefits should be considered— these will most likely 
lead to the selection of significantly different alternatives. As part of this effort, 
sufficient analyses should be undertaken so that typical scenarios are developed in 
response to different postulated evaluation criteria. 

Since it is likely that there is room for only one system for each major 
product class, and the selection of the "wrong" system may eliminate the 
possibility for a decade or more of achieving the "right" system, it is also 
recommended that an analysis be performed of the impact that near-term decisions 
may have on long-term options. 

Finally, since the analysis and evaluation of proposals for commercialization 
will lead to the selection of a desired alternative, it is recommended that an in- 
depth analysis be performed of each proposed alternative to establish estimates of 
the likelihood of success (both technical and economic) since failure will at a 
minimum necessitate a government bail out, a discontinuity in service or, in the 
worst cass, the total elimination of the service. 
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APPENDIX A 

ANALY5IS OF SATELLITE AND LAUNCH REQUIREMENTS 

Satellite and launch requirements are determined by the demand lor opera- 
tional on-orbit sensors, the number of previous successful launches and the number 
of sensors that have failed due to random and wearout phenomena. Since failures 
occur randomly, the number of launch attempts as a function of time is not known 

deterministically, but must be described in terms of a probability distribution. 

* 

A simulation model has been deveioped to assist with the programmatic 
evaluation of alternative approaches to establishing and maintaining a specific 
desired mix of operational sensors on spacecraft in geocentric orbit. Tne program 
enables the assessment of the effects of operational requirements and reliability 
(spacecraft support subsystems, sensors and transportation systems) on the time- 
phased costs of alternative approaches to satisfying mission requirements. The 
program is specifically designed to allow for the explicit consideration of reli- 
ability and cost uncertainties, in order to perform this evaluation, the launch 
systems and spacecraft (support systems and sensors) are considered in detail 
from the points of view of reliability and cost. Ail costs are treated as uncertainty 
variables where ranges of possible values are considered as well as subjective 
estimates pertaining to the form of the uncertainty (the probability distribution) 
within the range. The input to the program consists primarily of a set of numbers 
which describes the demand for various operational sensors in orbit as a function of 
time, the mix of sensors available per spacecraft type, the transportation system 
to be used for each spacecraft type as a function of time, spacecraft subsystem, 
sensor and transportation system reliabiiity, subsystem and sensor nonrecurring 
costs including cost spreading and explicit quantitative uncertainty assessments, 
spacecraft and transportation system costs including explicitly quantitative un- 
certainty assessments and cost learning rates. The output from the simulation 
program consists of a set of probability distributions associated with costs and 

events (i.e., number of launch attempts, etc.) as functions of time and the 
* 

Greenberg J.S., "The Economic Implications of Uncertainty," Proceedings of 

t he Annual Reliability and Maintainability Symposium , January 1976. 

Greenberg, J.5. and G.A. Hazeirigg, "Methodology for Reliability-Cost-Risk 

Analysis of Satellite Networks," Journal of Spacecraft and Rockets , Vol. II, 

No. 9, September 1974. 

The group of support systems is frequently referred to as the spacecraft bus. 



probability distribution oi the present value of total recurring plus nonrecurring 
cost. 


The reliability, uncertainty and risk assessment capability embodied in the 
simulation model allows for: 

• Specification of the mix of operational sensors required in geocentric 
orbits as a function of time. 

• Consideration of multiple spacecraft which are defined in terms of the 
reliability of the major support subsystems, the mix of on-board sensors 
and their reliability and spacecraft cost. 

• Consideration of spacecraft subsystem and sensor failure models which 
allow for both random and wearout failures. 

• Specification and consideration of multiple transportation systems which 
may consist of current or new expendables or the Space Shuttle. The 
transportation systems may also include (as necessary) orbit-to-orbit 
shuttles or propulsion modules (for example, Agena, Centaur, Space 
Tug, etc.). The propulsion modules may be expendable or reusable and 
may be used for placing spacecraft in orbit and retrieving spacecraft 
which fail and require replacement. The specification of the transporta- 
tion systems include cost and reliability assessments. Reliability is 
considered at the major subsystem level. 

• Specification of transportation systems to be utilized for placing 
different spacecraft into orbit as a function of time. Changing the 
specification of transportation system-spacecraft assignment as a func- 
tion of time allows performance capability (such as allowable mission 
modes and reliability) and cost variations to be considered. 

• Explicit consideration of multiple time periods thus allowing for annual 
costs to be established. 

• Consideration of cost learning curves. 

• All costs to be treated as uncertainty variables. 

The simulation model, taking into account the required number of sensors as 
a function of time, number of operational sensors in orbit (as determined from 
spacecraft subsystem and sensor reliability characteristics) and spacecraft and 
launch costs, determines a near optimal mix of spacecraft launches as a function of 
time. Since the simulation is based upon Monte Carlo techniques, it is possible to 
establish the probability distributions of pertinent performance measures, which 
allows alternatives to be compared by considering both expected values of 
performance measures and the chance of variation (i.e., the risk) of the value of 
the measures. Specifically, the simulation model establishes the probability 
distributions of: 

• Pertinent quantities by year (for example, number of launch attempts, 
number of spacecraft required, number of propulsion modules required, 
number of propulsion module refurbishments, etc.) 


• Launch, spacecraft and total costs by spacecraft type and by year 

• Bus and sensor nonrecurring costs 

• Present value of recurring plus nonrecurring costs. 

The sensors mix as a function of time, as established from Figure 3.1, was 
used as the sensor demand in a simulation analysis. The purpose of this analysis 
was to obtain insight into the number of spacecraft that should be procured in 
order to achieve a reasonable likelihood of continuity of service and the number of 
launch attempts that are likely to be required. The scenario described in 
Figure 3.1 was simulated or flown 1,000 times taking into account sensor and 
spacecraft support system random and wearout failures and the probability of 
major launch events being successful. The assumed demand for sensors is 
illustrated in Table A.l, the assumed sensor and subsystem reliabilities are 
indicated in Table A.2 and the launch vehicle (Delta) assumed reliabilities are 
indicated in Table A.3. 

Since an expendable launch vehicle is utilized, the probability distribution of 
the number of launch attempts and the probability distribution of the number of 
spacecraft required are the same. These are summarized in Table A.^ as a 
function of time in terms of expected values and standard deviation. 

The results of the simulation analysis indicate that a minimum of two 
spacecraft of each type will be required. The likelihood of continuous service with 
the purchase of two spacecraft is not high and a third spacecraft acquisition may 
be desirable. 


TABLE A.l ASSUMED 

SENSOR DEMAND (NO. 

OF REQUIRED SENSORS IN ORBIT) 


SENSOR 



FISCAL 

YEAR 





*85 

*87 


'89 


'91 


'93 


MSS (80M) 

1 

1 

0 

0 

0 

0 

0 

0 

0 

TM (30M)* 

0 

0 0 

0 

0 

0 

0 

0 

0 

0 

MLA (80M) 

0 

0 0 

1 

1 

1 

1 

1 

0 

0 

MLA { 30M) 

0 

0 0 

0 

0 

0 

0 

1 

1 

1 

*LAUNCH DOES 

NOT TAKE PLACE UPON 

FAILURE OF 

THE 

THEMATIC 

MAPPER. 
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TABU A.? 

ASSUMED SENSOR AND SUBSYSTEM REL 

ABILITY 

SENSOR/ SUBSYSTEM 

MEAN- TIME- T0- 
FAILURE (MTBF) 
(YEARS) 

EXPECTED 
WEAROUT 
LIFE ( V EARS) 

VARIABILITY OF 
WEAROUT LITE* 
(YEARS) 

MSS 

20 

3 

.5 

TM 

10 

3 

.5 

MIA (GOM) 

25 

5 

.5 

MLA (30M) 

20 

5 

.5 

POWER 

20 

5 

.5 

AV Co 

3C 

5 

.5 

COMMUNICATIONS 

30 

5 

.5 

TT&C 

30 

« 

.5 

STRUCTURE 

40 

5 

.5 

j ’STANOARD DEVIATION 0' WEAROUT LIFE. 


TABLE A. 3 LAUNCH RELATED RELIABILITIi 

:s 

ITEM 

VALUE 

• PROBABILITY OF SPACECRAFT FUNCTIONING 

0.95 

PROPEPL' WHEN FIACED IN FINAL ORBIT 


• PROBABILITY OF BOOSTER SUCCESS 

0.98 

• PROBABILITY OF UPPER STAGE SUCCESS 

0.98 

• PROBABILITY OF ORBIT INJECTION SUCCESS 

0.98 



zn 




121 


t 






APPENDIX B 

SUPPORTING DOCUMENTATION FOR INPUT 
DATA TO FINANCIAL ANALYSES 

(1) Revenue - Supporting data is presented in Section 4.4, Market Forecast. In 
particular, reference is made to Figures 4.5 and 4.6. All data in these figures 
are in constant 1983 dollars. A 6 percent inflation rate was used to escalate 
the figures to 1985 and following years. 

(2) Additional Federal Purchases - Corresponds to the annual subsidy that is 
required in order to achieve a desired annual return on assets. The subsidy is 
determined through an iteration process wherein the value b adjusted until 
the desired rate of return is achieved. 

(3) Processing Cost/Scene-8QM - Processing costs include those costs involved 
with the processing and handling of data from the moment of receipt at 
GSFC until its expedition to EDC. For MSS data, the primary activities are 
to make radiometric corrections, indicate the need for geometric corrections 
and record the data on high density tapes which will be used to transmit the 
data via satellite to EDC. For TM data, the functions performed at GSFC 
include receipt and recording of data on high density tapes (to remain at 
GSFC until transfer to federal archives) plus creation of photographic 
negatives and computer compatible tapes (CCTs) from these high density 
tapes, which will be mailed to EDC. The following determination of the 
processing cost/scene for 80 meter information products is based upon data 
provided by NOAA and is based upon processing 136 scenes daily. 


Cost Category Cost ($1.000) 

Operations and Maintenance 7,148 

High Density Tapes 215 

Computer Compatible Tapes 20 

Computer Tape Drive 
Performance Assessment 20 

Photo Support 950 


Total Annual Cost (FY83$) 8,353 

Total Annual Cost (FY85$) 9,385 


Processing Cost/Scene (80M) = Total Annual Cost x Cloud Factor = $270.30 

Scenes/ Year 





* **** r 
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with a cloud factor equal to 1.43. The cloud factor (see Note 6) multiplier is 
used to account for the fact that the financial model is driven by scenes sold 
and not scenes processed. 

(4) Processing Cost/Sccnc-3QM - The following determination of the processing 
cost/scene for 30 meter information products is based upon data provided by 
NOAA. The processing cost is the incremental cost of processing 30 
30 meter scenes daily in imagery and ten scenes daily on tape, given that 136 
MSS 80 meter scenes are being processed daily. (Refer to Note 3 for a 
description of what is included in the current processing costs.) 


Cost Category Cost ($1,000) 


Total HDT <3c CCT Tape 
& Handling 950 

Photo Support 2,030 

Ground Segement Operations 
(Sc Maintenance 2,652 


Total Annual Cost (FY83$) 5,632 

Total Annual Cost (FY85$) 6,328 


Processing Cost/Scene (30M) = Total Annual Cost x Cloud Factor = $495.80 

Scenes/Year 

with a cloud factor equal to 1.43. The cloud factor (see Note 6) multiplier is 
used to account for the fact that the financial model is driven by scenes sold 
and not scenes processed. The above cost per scene is based upon 18.250 
scenes per year. 

(3) Processing Learning Factor - It is assumed that processing cost for repetitive 
functions will tend to decrease with time because of learning. A typical 
learning equation, as indicated below, has been utilized to predict future cost 
reductions. 

L(!) a Cost * n Year] - jLlogjQ(CALR) - 2.0] /.301 
CostBase 

The learning factor, L(I), indicates the cost in the I** 1 year relative to the 
current or base cost. The assumption is that costs are reduced by 100-CALR 
percent every time the number of years doubles. CALR represents the 
cumulative average learning rate (%). The processing learning factor is based 
upon a 90 percent learning curve. The specific values utilized are presented 
below along with learning factors based upon other learning rates. 
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FISCAL YEAR 

LEARNING FACTOR, L(I) 

LEARNING 

RATE, CALR 

95% 

90% 

85% 

80% 

•85 

1.00 

1.00 

1.00 

1.00 

‘86 

.95 

.90 

.85 

.80 

'87 

.92 

.85 

.77 

.70 

‘88 

.90 

.81 

.72 

.64 

•89 

.89 

.78 

.69 

.60 

’90 

.88 

.76 

.66 

.56 

'91 

.87 

.74 

.63 

.53 

'92 

.86 

.73 

.61 

.51 

•93 

.85 

.72 

.60 

.49 

•94 

.84 

.70 

.58 

.48 


(6) Proccssing/Saics Factor - This factor accounts for the difference between 

scenes archived and scenes sold, since archived scenes may be soid more than 

once while other scenes may not be sold at all. 

« Total Scenes Received at EDC in FY82 

Processing/ Sales Factor = Total Scenes fold in FVS2 » C15u3 FSctof 


The cloud factor represents an adjustment since scenes with significant cloud 
cover are handled in a somewhat different manner. Scenes received at 
Goddard Space Flight Center are flagged during processing to high density 
tape if the cloud cover is great enough to render the scene obscure. Although 
these scenes are currently processed for archiving at EDC, it is assumed that 
a decision will be made not to further process these obscure scenes, which 
are estimated at about 30 percent of the total. Therefore, the number of 
scenes processed (at GSFC) equals the number of scenes transmitted from 
White Sands, but scenes archived at EDC will be reduced from scenes 
processed by a "cloud factor." It should be noted that: 

No. of Scenes Transmitted from White Sands = No. of Scenes Processed at GSFC 
No. of Scenes Archived = No. of Scenes Processed/CF 
No. of Scenes Sold = No. of Scenes Processed /(CF x AF) 

CF = Cloud Factor = 1.43 

AF = Archival or Processing/ Sales Factor = 0.52 


Scenes with too much cloud cover will be recorded on the high density tape 
(HDT) and retained in the archives, but it is assumed that further processing, 
such as producing a film master, will not be done. 



The ctoud factor of 1.43 is based upon 30 "bad" scenes out of 100 scenes (i.e., 
70 "good" scenes). Therefore, to get 70 good scenes it is necessary to process 
100 sc' nes or 1.43 times the 70 scenes. To go from scenes processed to good 
scenes it is necessary to divide by 1.43. 

(7) Archival Cost/Sccne-8QM - Archiving costs are costs incurred in receiving 
data at EDC, processing data into format required for archiving and 
maintaining the archives. In the case of MSS data, after the receipt of data 
from GSFC it is recorded on high density tapes. Scenes from the high density 
tape are processed to film images which are sent to the photo lab and a 
master made. The high density tapes and film masters are then archived. 

When EDC receives a TM film image from GSFC it makes a master film 
image for storage in the archives. The CCT it receives is stored in the 
archive after a copy is made for the client. TM archiving costs include the 
cost of making the film master plus cost of receiving and cataloging the data 
and maintaining the database. 


Cost Category Cost ($1,000) 


Data Receipt <Sc Catalog 669 

Dat3 Processing Sc Archive 
Creation 1,333 

Archive Database Maintenance 148 

Total Annual Cost (FY83$) 2,175 

Total Annual Cost (FY85$) 2,445 


Archiving Cost/Scene (SOM) = $49.70 
(based on archiving 49,275 scenes/year) 

(8) Archival Cost/Scene-30M - Since data is not currently available on all of the 
TM archiving costs, approximations are necessary and are based upon scaling 
of MSS costs as follows. (Refer to Note 7 for what is included in archiving 
costs.) From Note 7, the average cost of receipt and catalog ($669,000) and 
archive database maintenance ($148,000) is $817,000 for MSS scenes. This 
reduces to $16.60 per scene. Since the number of items (film images or 
computer compatible tapes) should be about 1.75 times greater (TM has seven 
spectral bands whereas the MSS has four spectral bands) than produced for an 
MSS scene, it is assumed that the cost of receipt, cataloging and archive 
database maintenance for TM data is 1.75 times that of MSS data or $29.00 
per scene. An approximate cost of making a working film master for storage 
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in the archive is $79.40 per TM scene. Therefore, the average cost to archive 
a TM scene is $108.40 FY83$ or $121.80 FY85$. 

Archival Learning Factor - A learning rate of 90 percent has been assumed. 
See Note 5 .'.’or details. 

Cost of Sales/Unit - Sales costs are those costs involved in reproducing 
scenes for sale to the public, and distributing the scenes. Film images are 
made from the film master which is stored in the archives. CCTs are made 
from the archived high density tape in the case of MSS data, and from the 
CCTs received from GSFC for TM data. 

MSS estimated cost for reproduction and sale of approximately 78,750 film 
scenes is as follows: 

Cost ($1,000) 

Product Generation <3e Dissemination 1,480 

Customer Interface 645 

1JI5 

This results in MSS film cost of $27.00 FY83$ or $30.30 FY85$ per scene. 

MSS estimated cost for reproduction and sale of approximately 4000 CCT 
scenes is as follows: 

Cost ($1,000) 

Product Generation <3c Dissmenination 435 

Customer Interface 215 

650 

This results in MSS tape cost of $162.50 FY83$ or $182.60 FYS5$ per scene. 

TM costs are estimated to be 7/4 (tne ratio of TM spectral bands to MSS 
spectral bands) times the MSS costs. Therefore, TM film and tape costs are 
estimated as $53.10 and $319.60 FY85$ per scene, respectively. 

Cost of Sales Learning Factor - A learning rate of 90 percent has been 
assumed. See Note 5 for details. 

Indirect Labor - Indirect labor costs are those costs that are independent of 
the number of scenes processed and include management, spacecraft ma- 
neuvering and positioning, and building operations and maintenance. These 
costs are as follows: 

Cost Category Cost ($1,000) 


Building Operations 6c Maint. 
Spacecraft Orbital Element 
NOAA Management 


1,651 

120 

2,500 


Communications-Telex Link 
to Foreign Stations 110 

Building 23 Local Communi- 
cation 45 

NOAA Administrative Costs 
at EDC 32 

Total Annual Cost (FY83S) 4,438 

Total Annual Cost (FY83$) 3,009 


(13) RAD - It is assumed that NASA will continue to undertake research and 
development relating to new sensors and related technologies end new 
infotmation extraction techniques. It is assumed that the government RAD 
expenditures will be on the order of $10 million per year. It is assumed that a 
private sector business venture (Scenario 3) will undertake RAD to improve 
computational efficiency and information products. It is estimated that the 
cost (fully burdened) of a professional involved in the RAD is $90,000 per 
year. It is assumed that the RAD organization should include approximately 
ten professionals ($900, 000/year) and will increase as sales build over time 
and achieve a level of 4 percent of sales. Therefore, RAD costs will be 
$900,000 per year or & percent of sales, whichever is greater. 

(14) Marketing. Advertising A Promotion - Marketing, advertising and promotion 
includes customer interface, market development and applications engi- 
neering as well as the other sales-oriented functions. It is assumed that the 
average cost per salesperson is $138,000 ($43,000 in compensation multiplied 
by 2.3 for overhead and GAA, plus $43,000 in expenses). It is assumed that 
there are 1.3 professional persons supporting each salesperson at a cost of 
$75,QQ0-$85,Q00 per year. Therefore, the effective cost per salesperson is 
$278,000 per year. 


As a minimum, it is assumed that one salesperson Is required for foreign saies 
(mainly keeping and getting new ground stations), one salesperson is required 
for federal sales, two salespersons are required for industrial and state/local 
government/academic sales. Therefore a minimum market organization is as 
follows: 


4 salespersons 
6 professional support 
1 management 
($65,000 x 2.5) 


} $!. 
) i 


110.000 per year 

160.000 per year 


U Is assumed that this marketing organization will increase with sales 
reaching an expenditure level of 5 percent of sales. Therefore, Marketing, 
Advertising Sc Promotion Costs will be $1,42.5,000 FY85$ per year or 
5 percent of sales, whichever is greater. 

(15) Communications Costs (TDRSS) - This represents the cost of transmitting 
data through the Tracking Data Relay Satellite System from LANDSAT to 
the White Sands ground receiving station. Charges are based on a per minute 
rate depending on type of access. 


A typical transmission lasts approximately 26 minutes and consists of a mix 


of the different types of access. This occurs approximately 20 times per day. 


During each 26 minute interval seven MSS and five TM scenes (on average) 

# 

are transmitted. The average cost for a typical transmission is 

Totai Coat 

Access Time Cost per Minu te Per Event 


Single Access 14 minutes x $91 

Multiple Access Forward 2 minutes x $20 

Multiple Access Return 10 minutes x $ 6 


$1,274 

40 

60 

$i irn 


Therefore, 

$1,374 * 7 x cost of transmitting MSS scene ♦ 5 x cost of transmitting TM 
scene 


It is estimated that the cost to transmit a TM scene will be 5.67 times that of 
## 

an MSS scene. The cost to transmit an MSS scene is therefore $38.90 
(FY83$) or $43.70 (FY85$). Tnis must be multiplied by the cloud factor (refer 
to Note 6) so that the total cost per MSS scene is $62.50 (FY85$). Similarly, 
the total cost (including the cloud factor) for transmitting a TM scene is 
$354.10 (FY85$). 


* 

The analysis is based upon the use of rates for nongovernmental users rather 
than rates that will be charged to NOAA, because the former is likely to be 
more representative of the true costs of using TDRSS. 

TM data is trar ted at the rate of 85 megabits per second and MSS data at 
the rate of I - a abits per second. Both require 24 seconds for a scene to 
arrive at White Sands (net of any time that the satellite Isn’t collecting 
usable data). 
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(16) Communication! Costs (DOMSAT) - This represents the cost of transmitting 
data via the Domestic Communications Satellite System. Both TM and MSS 
data are transmitted from White Sands to GSFC using the DOMSAT 3Q mega- 
bit link. MSS data is sent to EDC from GSFC on the DOMSAT 20 megabit 
link (TM data is mailed). 

The cost of using the DOMSAT 50 megabit link is $3.30/minute. Including 
set-up and other overhead time/ it takes an estimated 48 seconds for an MSS 
scene and 72 seconds for a TM scene to arrive at GSFC. Therefort', MSS 
DOMSAT cost isi 

MSS DOMSAT Cost * 0.8 minutes/scene x $3.3/min * $2.80/sccne (FY83$) 
It is assumed that the cost to transmit an MSS scene to EDC from GSFC is 
approximately the same as transmitting from White Sands to GSFC f $2.80. In 
addition, an inventory tape (GHIT) is communicated by phone to EDC and this 
costs about $.90 per scene; therefore total cost to send an MSS scene from 
White Sands to EDC is $6.30 (FYS3$) or $7.30 (FYS3$). This must he 
multiplied by the cloud factor (refer to Note 6) so that the total cost per MSS 
scene is $10.40. 

The cost to send a TM scene from White Sands to GSFC is: 

TM DOMSAT Cost - 1.2 minutes x $3.5/min * $4.20 (FY83$). 

Adjusting to FY83 and multiplying by the cloud factor yields $6.70 per scene 
(FY83$). 

(17) TDRSS Lease Costs (Annual) - This represents the lease costs associated with 
the Tracking Data Relay Satellite System which are independent of usage. 
Since TDRSS costs have been assumed to be directly proportional to scenes 
sold, this fixed annual cost has been set equal to zero. 

(18) DOMSAT Lease Costs (Annual) - This represents the lease costs associated 
with the DOMSAT communication system which are independent of usage. 
Since DOMSAT costs have been assumed to be directly proportional to scenes 
sold, this fixed annual cost i.as been set equal to zero. 

™ # 

Time during which the system is turned on but not collecting useful data. 
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(19) Lease Costs (LANDSAT D and EV) - It is assumed that for Scenarios 3 and 5, 
LANDSAT D and D* are transferred to the private sector business venture. 
Different recoupment payment policies are considered. Lease costs are zero 
for Scenarios l, 2 and 4 since it is assumed that transfer of these assets is 
through nonlease arrangements. 

(20) Lease Costs (Ground Facilities-GSFC, EDC, White Sands and Nongovernme nt) 
It is assumed that, initially, ground facility assets are leased from the 
government (operating leases with no transfer of title). It is assumed that in 
1989 all facilities are consolidated at White Sands at which time leases are 
entered into with nongovernment organizations. It is assumed that the lease 
policy is to recoup a fraction (0 to 1.0) of the book value of the leased asset 
through an annuity such that the present value of the annuity is equal to 
6 x Book Value where 3 is the fraction of the book value recouped and book 
value, BV, is given by 

nw * „ I Useful Life - Years in Service! 

BV = Acquisition Cost x U^ Sn X f e J ' 

And the value of the annual annuity payment, A, is given by 

A = 3 x BV x r/100 
i-l/(Ur/100) M 

Where r = cost of capitai 

M s number of payments for establishing lease rate. 

The following schedule is assumed: 



1 

‘86 

1 

1 

'88 

« 

FY 

i l 

'90 

i 

’92 

i < 

• 94 

t i 

GSFC 

l gsfc 

'•GSFC 

l gsfc 

l gsfc 

- 

- 

- 

- 

EDC 

l edc 

l edc 

l edc 

l edc 

- 

- 

- 


WHITE SANDS 

L w$ 

L W$ 

L ws 

L ws 

L ws 

L ws 

L ws L ws 

L ws L wr 

NONGOVERNMENT 

_ 




1 

L.,„ 


I „ i . 






l ng 

NG 

NG l NG 

l ng l ng 
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The venture initially leases facilities (GSFC processing facilities, EDC 
processing and archiving facilities, and White Sands tracking and communica- 
tions facilities) from the government. These lease rates are l* C 5 pc* L £DG 
and ^fter consolidation the venture leases similar equipment to be 

located at White Sands. It is assumed that the lease ra,te of White Sands 

equipment is small relative to that at GSFC and EDC. The lease rate of the 

equipment to be acquired and located at White Sands is approximated as 

follows: 


L NG s (L GSFC + L EDC ) x E x L * *G 


5FC 


where E is an efficiency factor relating to the consolidation of the EDC and 
GSFC data processing facilities, L is a learning factor (it is assumed that 
both processing algorithms and equipment improve with time) (refer to Note 
5 for a discussion of learning factors) and U«.p G is the effective lease rate 
paid on equipment not required at the combined facility. 

A 90 percent teaming rate is assumed. Therefore L = 0.78. It is assumed 
that the cost of computers to the government has a profit built in for the 
private sector. When the commercial entity leases a computer from the 
private sector there is also a profit for the private sector. It is assumed that 
these are basically the same on a percentage basis. NOAA has estimated 
equipment costs at GSFC to be approximately $101 million and EDC has 
estimated equipment cost associated with LANDSAT at EDC to be approxi- 
mately $14 million. 


The following lease rates have been estimated and used in the analysis: 
aV(GSFC) = $101 million x 


I 8 yrs. useful life - 2 yrs. prior to start of lease 
o.warw = v.-u mi, null * 8 yrs . useful Ate j 

BV(EDC) =$14 million* use f ul 1 J^ rs - ^rior to star t of le ase ] 

L 8 yrs. useful life J 


At a cost of capital of 10 percent, 

L G5FC = 101 x (¥^ x ,10/C l “ 1 / 1 * 10 ^l = $ 23 * 9 million 
L £DC = 14 x x .10/[ l-U/1.10) 4 J = $2.2 million 

L ng = (23.9 + 2.2) x .78 x .90 -2 = $16.3 million 



where E = .90 and 3 $2 million. 

Since the lease at White Sands starts in 1939, L NG must be adjusted from 
FY83 to FY89 dollar., by multiplying by (1.06)*. The result is 

L-NG = $23.12 million FY89$ in FY89 and beyond. 

(21) Assets: Ground Segment - It is assumed that all ground segment equipment is 
leased. Therefore the asset value of the ground equipment is zero. 

(22) Space Segment - The following is a summary of the launch costs and the 
availability of launch vehicles. LANOSAT D consists of the NASA standard 
Multi-Mission Modular Spacecraft (MMS) and a mission-unique sensor module. 
LANDSAT D was launched into a nominal 425 n mi sun synchronous polar 
orbit by a Delta 3920 launch vehicle from the U.S. Western Test Range. 

The MMS is designed to be compatible for launch from both the Delta and the 
Space Shuttle Orbiter. However, the long (14' length) and narrow (7' width) 
configuration of LANDSAT D is not optimum from a cost standpoint for 
Shuttle launch. As the MMS is designed for compatibility with the Delta and 
Shuttle, it will also be compatible with the Ariane launch vehicle. These 
three launch vehicles constitute the primary candidates for further launches 
of LANDSAT spacecraft in the configuration of LANDSAT D. Other ex- 
pendable launch vehicles such as proposed commercial versions of the Atlas- 
Centaur or Titan could also be used; however, the use of these launch 
vehicles would necessitate design modifications in the spacecraft. Moreover, 
there are no plans at the present to achieve a near polar orbit capability with 
the commercial Titan. 

For the purpose of obtaining launch cost information it was assumed that the 
future LANDSAT spacecraft would be similar in physical characteristics and 
orbit requirements to LAND5AT D. Launch dates of January 1987, January 
1991 and January 1996 were used to solicit launch cost information from the 
operators of the Ariane, Delta and Shuttle. 

The results of these enquiries indicate that the launch vehicle area is in a 
state of flux and it is difficult to obtain costs that can be used with a great 
deal of certainty for the prospective launches. At the present time the Delta 
Program Office does not plan to continue to supply the Delta launch vehicle 
after its use for two GOES missions in FY86. In response to this enquiry, 


NASA quoted a cost of about $35 million in FY85 dollars for a Delta launch 
prior to the termination of the program in FY86. NASA was unable to quote 
costs beyond this date because of the planned termination of the Delta launch 
vehicle. Informal discussions of the proposed launches with NASA Shuttle 
marketing personnel indicate that NASA has not yet formulated a pricing 
policy for WTR launches. Moreover, the published Shuttle pricing policy does 
not extend beyond FY88. In the absence of a pricing policy that extends to 
the time period of interest for WTR, it was suggested that the price of a 
Shuttle launch from WTR would be aoout the same as that from ETR. 
Because of the spacecraft configuration, weight and orbit requirements, 
LANDSAT would probably require a dedicated Shuttle launch. The suggested 
price for a dedicated Shuttle launch from WTR was about $40 million in 1975 
dollars. Discussions with Arianespace indicate that the LANDSAT launch 
wouid require the Ariane 40 vehicle. Funding for the development of the 
Ariane 4 series of launch vehicles was approved in 1982 and it is expected to 
be operational in 1986. Discussions with Arianespace indicate that the 
budgetary price for an Ariane 40 launch is $60 million to $65 million in 1982 
dollars. 

On the basis of this brief survey, it is clear that the Shuttle will be supported 
from WTR. On the other hand, it is not clear that any of the current U.S. 
e .^endabie launch vehicles will be supported from WTR post FY86. One 
possible scenario for this time period might postulate competition between 
two or more U.S. launch vehicles and perhaps the Ariane. Although NASA 
now indicates that it will not support the Delta in the post FY86 time period; 
it is possible that competition will drive the price of competing launch 
systems to that quoted for the Delta, or that a commercial version of the 
Delta will be developed as one of the competitors. In view of the clear price 
advantage of the Delta 3920, the price of the Delta 3920 was used as the 
basis for estimating launch costs for the prospective LANDSAT launches. 

(23) Assets: 5pace Equipment - The space equipment assets include LANDSAT D, 
D', E, E', F, F', G and G'. These are procured at different points on time with 
both D and D' having already been procured. 

Data from GSFC indicates a total cost of $361 million for D and D'. It is 
assumed that this cost is divided evenly between D and D'. Therefore 


ft 

ft 

ft 

ft 

ft 

ft 

ft 

(24) 

(25) 

ft 

ft 
ft 


■zmz m. Miz~- 
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LANDSAT D Book Value = [ 180 + 35] x ? . JrJi , f e .^y^{ygl . b y . ? 83 

= $71.7 million L 3y^lHe J 

LANDSAT D' Book Value = [ 180 + 35 ♦ 33] x [ 1 ] 

= $248 million 

where it has been assumed that the Delta launch cost is $35 million and D* 
storage cost is $33 million. 


The following cost estimates (in millions of dollars) have been made for the 
post-D' satellites: 

LANDSAT 


SPACECRAFT 
MLA (80M) 

MIA ( 30M) 
INTEGRATION/TEST 
LAUNCH COST 
TOTAL COST (10"$) 


i 


40x( 1.06)? 
S0x(l .06) J 

20x( 1.06)3 

3Sx(1.06) J 

iwmir 


E' F F‘ 

X — - - L 


40x(1.06)ij 40x(1.06) 6 40x(1.06) 6 

in.M nM J 



Since costs are spread over time, the above table is an approximation but 
deemed acceptable. 

LANDSAT E is estimated as a two and one-half to three year program with 
expenditures of 20 percent, 50 percent and 30 percent in each oi the years (as 
per GSFC). LANDSAT F is estimated as a five year program with expendi- 
tures of 15 percent, 20 percent, 30 percent, 20 percent and 15 percent in 
each of the years (as per GSFC). These values have been adjusted to reflect 
the launch cos -- Thus, as indicated by the "Construction In Progress," the 
cumulative expenditures add up to 100 percent when launch occurs. 

Without knowledge of what G and G' will comprise, annual expenditures have 
been estimated and are based upon the previous history of expenditures. 

Cash Requirement in Days - It is assumed that 15 days of cash are required 
as measured against total revenue (i.e., 15/365 x total revenue). 

A/R Requirement in Days - It is assumed that accounts receivable are an 
average of 60 days old. Average accounts receivable balance is equal to 
approximately 1/6 of revenue (i.e., 60/365 x revenue). 


(26) Current Liability Requirement in Days - Current liabilities are assumed to be 
paid within 30 days. 
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( 27 ) Contributed Capital - Contributed capital for the private sector financial 
projections are assumed to be an initial capitalization of $73 million. The 
capital investment remains constant over the ten year period. 

(28) Cost of Borrowing - Long-term borrowing rates are assumed to be 1 1 percent 
over the ten year projection. The II percent borrowing rate is predicated 
upon the 6 percent inflation rate -used in the projection. Although current 
long-term borrowing rates are currently higher than 1 1 percent, it is assumed 
tnat by 1983, the first year of the projection, that long-term rates will be in 
the 10-12 percent range* 

(29) Federal and State Tax Rate - A 31 percent combined federal and state tax 
rate has been used to calculate provision for taxes on net income (46 
percent federal, 5 percent state). 

(30) Investment Tax Credit Base - Property qualifying for the investment tax 
credit is reflected for calculation purposes. All space segment property both 
fully constructed and in process during the year are included in the 
investment tax credit base. 

(31) Investment Tax Credit Rate - A 10 percent investment tax credit has been 
applied to all qualified property. For tax purposes, a five year ACRS life has 
been assumed. For depreciation purposes, a 5 percent reduction to the basis 
of all depreciable property has been applied. 

(32) Equity Participation by the U.S. Government - It is assumed that for the 
legislatively-chartered, privately-owned corporation scenario, the U.S. 
government's equity participation will be 33 percent. The percentage 
participation used is arbitrary, and is used for illustrative purposes. 

(33) Research and Development Tax Credit Rate - A 15 percent R<3cD tax credit 
rate has been assumed although the precise rate may vary. The exact rate 
applied will be dependent upon the nature of the R<ScD, average annual 
expenditures and type of R<3cD (in-house research expenses vs. contract 
research expenses). 

(34) Royalties—Base Fee - This amount reflects the minimum guaranteed royalty 
or licensing fee paid to the U.S. government under the private sector 
marketing scenario. A minimum base fee of $33.5 million for the exclusive 
marketing rights to LANDSAT data is assumed. 

(35) Royalties as a Percentage of Sales - It is assumed that a minimum royalty of 
80 percent of LANDSAT sales would be paid to the U.S. government if 80 
percent of sales exceed the guaranteed minimum of $33.5 million. 
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G overnment R&D Expenditures - Current government R<3cD expenditures re- 
lating to the current land remote sensing system are not currently ac- 
cumulated in a manner conducive to used for projection purposes. A $10 
million per year R&D expenditure by the U.S. government has been used for 
projection purposes in all scenarios other than planned phase-out. 

— ect Costs * The Rations used for the computation of processing, ar- 
chiving and sales costs are as follows: 

Processing Cost (I) = [MTS(I) ♦ MFS(I)] x K x p„ ee a) 

M55 

+ [TTS(I) + TFS(D] x K x Pj M (I) + ID(I) 

Archival Cost (i) = [(MTS(I) ♦ MFS(O) x A X4CC (I) 

♦ (TTS(I) + TF5(D) x A TM (I)j x AF x L a (I) 

Sales Cost (I) s [ MTS(I) x S MSST (I) + MFS(I) x S Mssp (I) 

+ TTS(I) x S TMT (I) + TF5 <1> ^ S TMF (I,] x L S (I) 

+ CMTS(I) + MFS(I) + TTS(I) + TFS(I)] x CI{1) 

K = CF x AF 


where 

MFS(I) 

MTS(l) 

TFS(I) 

TTS(I) 

P MSS (I) 

P TM (I > 

ID(I) 


Number of MSS film scenes sold in year I 

Number of MSS tape scenes sold in year I 

Number of TM film scenes sold in year I 

Number of TM tape scenes sold in year I 

Per scene cost to process MSS data at Goddard 

Per scene cost to process TM data at Goddard 

Indirect costs associated with processing MSS and TM data 


A MSS (I) 

a tm (0 

l a (D 

S MSST (I) 

S MSSF (I) 

S TMT (I) 


Per scene cost to archive MSS data at EDC 
Per scene cost to archive TM data at EDC 
Learning rate associated with the archiving procedure 
Per scene cost of reproducing for sale an MSS tape scene 
Per scene cost of reproducing for sale an MSS film scene 
Per scene cost of reproducing for sale a TM tape scene 
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S TMT (I) 

Per scene cost of reproducing for sale a TM film scene 

L s (l) 

Learning rate associated with reproducing for sale 

Cl 

Per scene cost of customer interface 

AF 

Archival factor (see Note 6) 

CF 

Cloud factor (see Note 6) 


( 38 > Communicators Cost - The equations used lor the computation of TDRSS and 
COMSAT costs are as follows: 

TDRSS Cost (I) = [ MFS(I) ♦ MTS(1)'J x K x T MSS (I) 


+ CTFS(I) + TTS(I)] x K x T^Cl) 

DOMSAT Cost (I) = [ MFS(I) + MTS(I)] x K x D MSS (I) 

♦ (TFS(I)*TTS(I)3 xKxD TM (I) 


where 

T MSS (I) 


°MSS (I) 


d tm ( i) 


Per scene cost to transmit MSS via TDRSS (satellite to 
White Sands) 

Per scene cost to transmit TM via TDRSS 

Per scene cost to transmit MSS via DOMSAT (from White 
Sands to Goddard, and from Goddard to EDC) 

Per scene cost to transmit TM via DOMSAT (White Sands to 
Goddard) 


and other terms are as defined in Note 37. 


